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SUMMARY 
Students in a Utah State University class (FW 560: Aquatic Ecology Laboratory) m~asured 
limnological characteristics in two side canyons and the main channel of Lake Powell. Sampling 
was conducted April 10-13, 1997 in Moqui Canyon and Hansen Creek Canyon. Originally-the 
class intended to sample Halls Creek Bay, however Moqui Canyon was sampled instead due to 
inclement weather. Sub-projects, conducted by individual students, primarily focused on two 
hypotheses: (1) productivity gradients existed from the inflows of the side canyons toward the 
main channel and; (2) productivity was higher in the side canyons relative to the main channel. In 
most cases, sampling was conducted at 3-5 stations in each side canyon, one of which was in the 
mouth of the canyon, in the main channel. 
Near the inflows, Secchi depths were near 1.0 m Hansen Creek Canyon, then increased 
rapidly toward the main channel to a maximum depth of approximately 10.5 m. Secchi depths in 
Moqui Canyon were higher, with a maximum depth of 14 m approximately 5 m from the inlet of 
the canyon. Similarly, the estimated depth of the photic zone (1 % light) increased from 3 to 20 m 
along the gradients. Suspended inorganic sediments (SS) may have contributed to the extinction of 
light: near the inflows, SS ranged from 15 to <2 mg/llong the gradient. These values are 
significantly reduced from last year's findings. Heavy metal analysis indicated that aluminum and 
iron levels were the highest in Hansen Creek Canyon, approximately 6 km from the inflow. 
Levels of arsenic, lead, selenium, and zinc were below detectable limits at all sampling locations. 
Conductivity measurements indicate that side canyons were fairly well mixed. Oxygen levels 
decreased along the gradient such that the highest levels were detected at the canyon inflows. At all 
locations, DO levels were at or above 6 mg/l. Measurements of total phosphorus suggested that 
levels were near 0.02 J.l.g/l increasing toward the main channel in both canyons. Depth profiles of 
phosphorus indicate a phosphorus peak at or below 20 m depth. 
In general, chlorophyll a . in phytoplankton decreased from the inlet toward the main 
channel. Chlorophyll levels were generally higher in Moqui Canyon compared to Hansen Creek. 
Chlorophyll was not correlated with Secchi depth or phosphorus concentration. Periphyton 
biomass showed a similar trend in Moqui Canyon, with higher biomass closer to the inflow. 
However in Hansen Canyon, the opposite trend occurred. Sampling location may explain this 
trend, the sampling sites in Moqui Canyon were located at 4 and 6 km from the inlet, while the 
Hansen Creek samples were taken at 1, 2, and 4.5 km from the inlet. Perhaps both canyons show 
an increase in periphyton along the canyon to a maximum near the middle of the canyon, then 
decrease again toward the main channel. Previou~ data suggest this trend in Moqui Canyon, 
however the opposite results were found in Hall's Creek Bay, with the lowest periphyton 
concentrations found midway between the inlet and the main channel. Primary production was 
higher in the main channel than in Moqui Canyon. In Moqui, respir~tion, net and gross 
photosynthesis decreased with depth (maximum depth sampled = 10 m). However, in the main 
channel the same trends were not evident. 
At the time of the study, the zooplankton community was dominated by Cyclopoid 
copepods. Cyclopoids decreased from the inlet to the main channel; Daphnia showed a 
corresponding increase. Zooplankton biomass ranged from 35 to >90 mglm3 with the highest 
biomass near the inflows. Moqui Canyon had higher zooplankton biomass than Hansen Creek. 
Benthic invertebrate sampling was conducted only in Moqui Canyon. Oligochaetes were 
the dominant taxa in all samples. Invertebrate biomass was the highest near the inlet, lowest at the 
2 m site, then slightly higher at the 7 km site. No significant relationship between invertebrate 
biomass and soil organic matter was detected. High variability between the seven replicate samples 
likely precluded detecting any significant statistical relationships. 
In summary, most parameters indicated that the side canyons of Lake Powell are more 
productive than the main channel of the reservoir. We hypothesize that nutrient loading from 
inflows, more effective recycling of nutrients in the shallower-side canyons, and more littoral zone 
cover for fish promote this increased productivity. 
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CHAPTER ONE 
Physical and Chemical Characteristics of Lake Powell 
By Matthew Betts and Darren Ward 
Abstract. -- Physical characteristics of lakes are highly interrelated with biological 
characteristics. We measured and analyzed the physical characteristics of two side canyons in 
order to better understand differences in productivity between side canyons and the main ~hannel 
and to provide general information on the characteristics of the lake. 
INTRODUCTION 
The purpose of this research project was to determine the physical and chemical 
differences in two side canyons of Lake Powell and compare these characteristics to those of the 
main channel. The physical characteristics of lakes and reservoirs are highly interrelated with 
productivity and other ecological characteristics (Horne and Goldman 1994). The data collected 
will aid in evaluating the hypothesis that most of the primary production in Lake Powell takes 
place in the side canyons. 
Water transparency affects the availability of light for photosynthesis. Water transparency 
is affected by the concentration of suspended sediment and the density of phytoplankton, hence it 
can be an also be an indicator of productivity. Trophic state indices can be calculated on the basis 
of light transparency to give an idea of relative productivity (Carlson 1977). However, trophic 
state indices may be biased by high concentrations of inorganic suspended sediment. 
Stratification affects the distribution and availability of nutrients and oxygen for aquatic 
organisms. Lake Powell is a monomictic system: it mixes once a year, thermal stratification 
begins in March or April and persists through September (Stewart and Blinn 1976, Gloss et al. 
1980). Temperature and dissolved solids concentration (estimated by conductivity) are the major 
factors influencing the stratification of Lake Powell (Stewart and Blinn 1976). 
Water temperature also has a direct effect on primary productivity, the rate of 
physiol~gical processes, and the behavior of aquatic organisms (Schmidt-Nielsen 1990). Stewart 
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and Blinn (1976) found that temperature was the best predictor of phytoplankton densities in 
Lake Powell. The surface temperature at Lake Powell ranges from around 5-6°C in January to 
27-28°C in August (Stewart and Blinn 1976, Stanford and Ward 1990), a range suitable for 
warm-water taxa. 
Oxygen concentration is biologically important because oxygen is required for cellular 
respiration. Dissolved oxygen concentration is also an indicator of primary production because 
oxygen is a product of photosynthesis. Oxygen profiles generally show high dissolved oxygen 
concentrations through the photic zone as a result of photosynthesis, with declining values with 
depth as respiring organisms use available oxygen. 
Salinity differences and the lack of convective mixing due to high canyon walls prevent 
complete mixing of Lake Powell (Gloss et al. 1980); however, saline winter underflow from the 
Colorado and San Juan Rivers prevents anoxia in the monimolimnion (Stanford and Ward 1990). 
Metalimnetic oxygen depletion occurs in Lake Powell in late summer because of a buildup and 
decomposition of organic matter on the chemocline (Stewart and Blinn 1981). 
Inflow from side canyon tributaries may be an important source of nutrients for primary 
productivity in the side canyons. Freshwater from tributaries may also set up meromictic 
stratification in the side canyons. Additionally, inflow from tributaries may break up extreme 
stratification near the inlet of the reservoir (Stewart and Blinn 1976). 
Heavy metal analysis was conducted to determine whether heavy metal ions affect the 
food web. These pollutants can enter the reservoir from several sources: they are naturally 
associated with basin geology, such as Manco shale formations which are high in selenium; hard 
rock mine effiuents; and wastes associated with coal-fired generating plants in the Colorado River 
basin. Heavy metal contamination can playa significant role in fisheries production. Elements 
3 
such as selenium may have negative effects on egg production of the endangered native fishes in 
the Colorado River (Standford and Ward 1990). The high levels of lead in the reservoir are 
attributed to recreational boating and spilled gas. Two lines of evidence support this theory. , 
First, elevated levels of lead have been found in fish gills below Wahweap Marina. Second, lead 
levels are higher below the dam than in the water flowing into the reservoir. For all other heavy 
metals, Lake Powell acts as a cation trap (Potter and Drake 1989), that is metal concentrations 
are lower below Lake Powell than they are above the lake. 
Gradients in physical characteristics that have been observed in the main channel and side 
canyons include: decreased thermal stratification, conductivity, and transparency and increased 
suspended sediments towards the inlet (Gloss et al. 1980, Wurtsbaugh 1992, Wurtsbaugh and 
Steinhart 1995, Wurtsbaugh and Gallo 1996). We hypothesized that similar gradients would be 
found and that the trophic state index would increase toward the inlet. We also hypothesized that 
there is no difference between the two side canyons with respect to physical characteristics and 
heavy metal concentration. 
METHODS 
Data were collected along transects of Hansen Creek Canyon (Hansen) and Moqui 
Canyon (Moqui) at Lake Powell. Hansen is a narrow side canyon that is 6 km long and has a 
maximum width less than 1 km. Due to inclement weather, the original plan to sample Hall's 
Creek Bay was abandoned and we sampled Moqui instead. Moqui Canyon is 7 km downstream 
from Hansen. Hansen is wider than Moqui and has occasional sandy beaches along the sides of 
the canyon. In contrast, Moqui has a steep w';llls along virtually its entire length. Six stations 
were sampled in each canyon: 0.5, 1, 2, 3, 4, 5, 6 km in Hansen, and 0.5 (North Gulch), 1, 2, 3.5, 
4 
5, and 7 km in Moqui (station distances are nominal, see map). The 6 km station at Hansen and 
the 7 km station at Moqui were in the main channel of Lake Powell. 
Two methods were used tQ determine transparency in the side canyons: Secchi disks 
and aLi-Cor Li 1000 Radiometer. Secchi depth was measured by lowering a 20-cm, black and 
white Secchi disk on a metered line until it passed out of sight and then pulled back up until it 
was visible. The two depths wer~ then averaged to estimate the Secchi depth. These depths 
were plotted for both canyons and correlated with Secchi depths taken in the main channel in 
previous studies (Wurtsbaugh 1992, Wurtsbaugh and Steinhart 1995, Wurtsbaugh and Gallo 
1996). Trophic state indices (TSI) were calculated from Secchi depth (SD) according to the 
methods of Carlson (1977): TSI = 10(6-(ln SD/ln 2»). 
The second method used to determine transparency was the Li-Cor Li-1000 radiometer. 
This instrument has a probe that measures all the light incident on the radiometer in the 400-700 
nm wavelengths. These are the wavelengths used for photosynthesis which helped determine the 
depth of the photic zone where photosynthesis occurs. The light extinction coefficients were 
plotted for sites along each of the canyons, ending with a point in the main channel. The 
radiometer was used only three times per canyon due to the increased time needed to record data 
and operate the instrument. 
Temperature and dissolved oxygen were measured with a Yellow Springs Instruments 
(YSI) temperature and oxygen probe. Readings were taken at the surface and at intervals to the 
lake bottom or the limit of our cable (90 m). An air bubble was present in the probe during some 
readings, possibly biasing dissolved oxygen measurements. 
Water was collected for conductivity analysis at 1-5 depths throughout the water column 
with a ~emmerer sampler. Samples were kept in plastic vials until measured with a portable 
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conductivity meter. The conductivity meter was not correctly calibrated for temperature 
differences, but readings were subsequently corrected for temperature as in Hall and N orthcote 
(1986). 
The suspended sediments were sampled using a 5-m integrated tube sampler and stored in 
1- L bottles for analysis at Utah State University. Samples were taken to coincide with sites of 
Secchi depth measurements. A total of ten samples were taken, six in Hansen and four in Moqui. 
The samples were analyzed by filtering 500 or 250 ml aliqut on preweighed 0.45-/lm filters. They 
were then dried in an oven at 80 0 C and reweighed. The difference in the before and after weights 
of the filter yielded the concentration of suspended sediments. 
Twenty milliliter samples were taken from the surface water for heavy metal analysis. 
Inductively Coupled Plasma Emission Spectroscopy (ICP) analysis, however, requires 25 mL for 
optimum precision. This was unknown until after we returned from Lake Powell. Only four 
samples were analyzed due to limited funding. Samples were analyzed by the Soil Testing 
Laboratory at Utah State University. The samples were also mistakenly left in a cooler for 
approximately 40 days without being frozen before analysis. Acid digestion was used to break 
down organic compounds. The use of nitric acid (RN03) is usually insufficient for organic 
compound digestion, so perchloric acid (HCI04) was used in a subsequent reaction. After the 
RN03-HCI04 digestion, the lab analyzed the samples using ICP. The ICP analysis provided 
concentrations of 22 trace metals, including Ai, As, Pb, Se, and other metals that in high amounts 
can cause serious ecological damage. 
Inflow from side canyon tributaries was measured approximately 0.5 km up each side 
canyon. Flow was measured with a Marsh-McBirney Flo-mate 2000 magnetic induction 
flowmeter at 0.6 the total stream depth at 50-cm intervals across the stream. Estimated discharge 
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is the sum of the flow between the intervals (average depth * average flow * width of interval) 
(Wetzel and Likens 1991). Discharge estimates may be biased because the stream was too 
shallow to obtain flow readings at every interval. 
RESULTS 
The Secchi depths are indicators of the transparency gradient in the canyons from the 
inlet to the mouth (Fig. 1). As hypothesized, transparency increased toward the mouth of 
Hansen. Unfortunately, the Secchi depth at l-km in Moqui was not recorded and the data sheet 
for 0.5-km in Moqui was lost. 
Figures 2 and 3 show the light extinction with depth for Moqui and Hansen canyons, 
respectively. The isopleths based on the light extinction coefficients were plotted for sites along 
each of the canyons, ending with a point in the main channel (Fig. 4). A continual increasing 
trend from inlet to main channel in transparency is evident. These findings are in agreement with 
previous findings at Lake Powell ( Gloss et al. 1980, Wurtsbaugh and Gallo 1996). 
The pattern observed for temperature profiles in both side canyons was a general decrease 
in stratification toward the inlet (Fig. 5,6). The thermocline in the main channel began near 40 m 
(Fig. 5,6) at both stations. However, the thermocline at the 7-km Moqui station was more 
gradual. Surface temperatures remained constant in Moqui but increased near the inlet of Hansen. 
The mean surface temperature was not significantly different between the two canyons (two-tailed 
t-test, P=0.581). 
Oxygen profiles followed a similar trend in both side canyons, except for the l-km stations 
(Fig. 7,8). At both the l-km and 7-km stations.in Moqui dissolved oxygen concentrations initially 
increased with depth. Oxygen isopleths show that the change in oxygen concentration followed 
different patterns in the two side canyons (Fig. 9). 
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Conductivity increased toward the inlet in both canyons, counter to expectations. In 
general, conductivity increased with depth, as hypothesized (Fig. 10). However, the differences 
were not great enough to establish meromictic stratification in the side canyons. The increase in 
conductivity between 50 m and 80 m at both main channel stations may indicate the presence of 
a non-mixing monimolimnion. 
Suspended sediment decreased dramatically downstream from the inlets (Fig. 11). The 
suspended sediments were nearly twice as high in Hansen Creek Canyon compared to Moqui 
Canyon. Most of these sediments were fine-grained clays. Because of the high surface 
area/volume ratio, these particles remain in the upper water column. These particles are nutrient 
rich with adsorbed cations which help fertilize the reservoir (Standford and Ward 1990). 
Suspended sediment was plotted as distance from the inlet vs. mg/L. 
The ephemeral stream that flows into Hansen Creek canyon was flowing because of a 
recent storm. The creek is downstream from an old uranium mine that is going to be reopened, 
which may have significant influence on heavy metals and suspended sediment concentrations. 
Our purpose was to emphasize the differences between the water taken from the streams 
immediately below the inlets and between the inlets and the mouths of the canyons. Few heavy 
metals were detected up in the survey above the detection limits. Also, some of the data were in 
opposition to our hypothesis that heavy metal concentrations would decrease as distance from the 
inlet decreased. This finding was particularly apparent in aluminum and iron concentrations for 
Hansen Creek Canyon. Both of these metals showed a six-fold increase at the lower end of the 
canyon compared to the 0.5 km station. The reasons for these findings are unclear. Repetition of 
this experiment with better controls would be ideal. Lead, selenium, zinc and arsenic were all 
below the detection limits (Table 1). 
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Hansen Creek discharge on 11 April 1997 was 0.005 mJ/sec, Moqui creek discharge on 
13 April 1997 was 0.013 m3/sec. However, these discharges are highly variable over time so 
differences may not be representative. 
Trophic state index increased toward the inlet of both canyons, as hypothesized (Fig. 13). 
The canyons did not differ significantly in average trophic state (two tailed t-test, P=O.125). 
DISCUSSION 
In general our findings agree with those of Gloss et al. (1980), Stanford and Ward (1990), 
and previous class projects. However, we observed less stratification than has previously been 
recorded in April and only potential meromictic stratification. 
The Secchi depth at the 7 -km Moqui station deviates from the hypothesized trend, 
possibly due to increased sediment in the main channel from the Colorado river. Chlorophyll 
concentrations at the surface at this station were low (Virgilio 1997, this repon), so the deviation 
is probably not due to an high densities of phytoplankton. 
The 3-km station at Hansen is the widest point in the canyon, and sandy beaches are 
present here. It is possible that the higher than expected suspended sediment concentration at 
this station was due to wind-blown sand. 
Our conductivity profiles differed from those observed in the side canyons (Wurtsbaugh 
and Gallo 1996) and main channel (Wurtsbaugh 1992) in that conductivity increased toward the 
inlet. However Gloss et al. (1980) observed a similar pattern in the main channel during low 
flow periods. In Hansen we recorded very high conductivity water from the tributary, possibly 
explaining the trend. However, tributary input in Moqui canyon was fresher than lake water. In 
future studies, conductivity sampling should concentrate on areas where there is likely to be 
stratification (deep water in the main channel). 
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The unusual oxygen profile at the 1 km Moqui station exhibits increasing oxygen 
concentrations with depth. This could be due to an underflow of oxygenated water from Moqui 
Creek. However, the temperature and conductivity profiles do not show evidence of an ' 
underflow. The entire water column at this station was within the photic zone (l % surface light), 
so the increased oxygen concentration could be due to photosynthesis. 
We suggest that future researchers familiarize themselves thoroughly with the equipment 
and methods they will be using before departure to avoid problems in the field. Additionally, 
creating a sampling protocol with statistical analysis ip. mind to analyze differences would be 
helpful. 
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Heavy Metal Analysis (mg/L) N 
Nominal 
ICP Canyon Distance (km) Aluminu Arsenic Iron Lead Selenium Zinc 
Hansen 6 2.93 < 1.5 < < < 
Hansen 0.5 0.58 < 0.23 < < < 
Moqui 7 0.33 < 0.27 < < < 
Moqui 0,5 0.7 < 0.05 < < < 
Detection Limits (mg/L) 0.15 1 0.05 0.2 1 0.03 
Table 1. Selected heavy metal concentrations analyzed using Inductively Coupled Plasma Emission Spectroscopy (ICP), 
CHAPTER TWO 
Comparing Phosphorus Gradients in Two Side Canyons of Lake Powell 
" By Katrina Lund 
INTRODUCTION 
Phosphorus is one of the most important nutrients in aquatic ecosystems. Phosphorus is 
required for algal metabolism and is also needed in the synthesis of nucleotides, phosphatides, 
sugar phosphates, ~nd enzymes used in photosynthetic reactions (EPA 1979). Exerting a 
"bottom-up" control on the food-web, phosphorus is an essential macro nutrient involved in many 
cellular processes and is a critical component in basic metabolic reactions. However, because 
phosphorus is the one of the least abundant elements in aquatic systems, it is most rapidly 
consumed and commonly the primary limiting nutrie~t (Wetzel 1975). Food-web transfer 
efficiencies, and thus overall system productivity, may be affected by alterations in the 
concentrations and availability of phosphorus (Kimmel et al. 1990). 
There is a clear trend of increase in phytoplankton biomass associated with increase in 
nutrients: usually the best regression is with total phosphorus (Wetzel 1975, Harper 1992). Total 
phosphorus (TP) includes organic particulate phosphorus and soluble. reactive phosphorus (SRP), 
a measurement of the bioavailable form (Lind 1979). The importance of phosphorus in the 
process of eutrophication of lakes and reservoirs has been emphasized (Allen and Kramer 1972). 
Many oligotrophic systems that have been studied throughout the United States appear to be 
phosphorus limited (EPA 1979). Lake Powell, a reservoir considered to be oligotrophic, has 
been shown to be phosphorus-limited for phytoplankton productivity (Gloss et al. 1980, 
Stanford and Ward 1990). 
Lake Powell was created in 1963 with the impoundment of the Colorado River, flooding 
what was formerly known as Glen Canyon. This reservoir, located along the Utah-Arizona 
border, is characterized by a highly dendritic pattern of numerous side canyons, which exert a 
tremendous influence on the limnology of Lake Powell (Gloss et al. 1980). 
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Lake Powell is a sink for phosphorus (Stanford and Ward 1990). During spring runoff, 
tributaries entering the reservoir contribute enormous amounts of nutrients and sediment, 
creating a riverine zone. According to Kimmel, et at. (1990), this zone is a dynamic region of 
high nutrients, high flow, and is considered to be more eutrophic relative to the remaining 
portion of the reservoir. Bioproductivity in Lake Powell is directly related to the intensity and 
duration, spatially and temporally, of the enriched spring freshet event (Stanford and Ward 
1990). 
Lake Powell receives 40-140 million tons of suspended sediment annually from its 
tributaries, and over 95% of the total fluvial phosphorus reaching Lake Powell is particulate, 
associated with clays in the suspended sediments (Stanford and Ward 1990). Consequently, 
much of the phosphorus settles out in the upper reservoir, producing a high concentration of 
phosphorus in the water column of the inflow area with decreasing concentrations downstream 
(Gloss et al. 1980). Other fates of phosphorus include loses via the withdrawal current from the 
dam, sedimentation in the hypolimnion, or precipitation of calcite (Stanford and Ward 1990). 
However, uptake by phytoplankton may also account for a substantial depletion of phosphorus 
(Stumm et at. 1985). 
Advective currents control the nutrient dynamics in the reservoir as a result of the unique 
reservoir morphometry and also high inflows carrying elevated levels of phosphorus (Gloss et al. 
1980, Stanford and Ward 1990). This creates a longitudinal gradient that has a high concentration 
of phosphorus near the creek inlet anp decreases downstream towards the main channel. It is 
these gradients in reservoirs that result in corresponding biological-physiological gradients in the 
reservoir phytoplankton (Kimmel et al. 1990), which will be studied in this paper. This study 
addresses two hypotheses: First, that there is a longitudinal phosphorus gradient in two side 
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canyons in Lake Powell that decreases towards the main channel. Secondly, the decreasing 
phosphorus gradient will affect the abundance of phytoplankton (as measured by chlorophyll a). 
METHODS 
Water samples for phosphorus analysis were collected in two side canyons (Hansen 
Creek Canyon and Moqui Canyon) of Lake Powell, from April 11-13, 1997. There was a total of 
IS sampling stations, of which 7 were in Hansen Canyon, 7 in Moqui Canyon, and one in the 
main channel near Bullfrog Bay. Samples in the side canyons were taken in the center of the 
channel and one pseudoreplicate Was ~aken at each site (Fig. I). 
To determine if phosphorus gradients existed longitudinally in the side canyons, surface 
samples were collected various distances from the inlet. The surface water was collected using 
an integrated 6-m long Tygon tube sampler. The collected water was then placed in SO-mL 
plastic vials or 12S-mL polyethlyene bottles for storage. The containers were acid-washed and 
then rinsed with sample water. Samples were then frozen on dry ice. 
Depth profiles were taken in both side canyons to determine if phosphorus was correlated 
the chlorophyll a concentrations. A total of five vertical depth profiles were taken at 
approximately kilometer intervals from the inlet. Three vertical depth profiles were sampled in 
Hansen Creek Canyon, and two in Moqui Canyon (Fig. I). Reservoir water was collected from 
the water column at various depths using a Van Dom sampler. Samples were again stored in 
acid-washed and rinsed SO-mL or 12S-mL plastic bottles. 
Soluble reactive phosphorus samples were filtered in the field using glass filters 
Whatman OF IC to remove the particulate phosphorus. All samples were frozen and taken to the 
USU aquatic ecology laboratory for analysis. 
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Laboratory analysis was done using a molybdate method outlined by Wetzel and Likens 
(1991) and also using a step-by-step handout given in Wayne Wurtsbaugh's FW 560 crass. For 
total phosphorus samples, 20 mL of the sample was pipetted into acid-washed and rinsed test 
tubes. A solution of 1: 1 0.45 M H2S04 and K2S20 g (persulfate) was mixed and 8 mL was added 
to each sample. The samples were then placed for 20 minutes in an autoclave for complete 
digestion of organic matter. After cooling, solutions ofNaOH, molybdate, ascorbic acid, and 
trivalent antimony were added to the digested samples. This method is based on a colormetric 
procedure where the molybdate solutions give the samples a blue color, indicating phosphorus 
concentration in the sample. Light absorbance of the samples were then read at 885-nm using a 
spectrophotometer with a 10# cm cuvette. 
A standard curve was also created using standards of phosphorus (5, 25, 50, 75, 100, 150, 
and 200 ug/L) and two blanks consisting of deionized water (Fig. 2). These were measured on 
the spectrophotometer at 885-nm also using the 10#cm cuvette. Using the slope and intercept, a 
regression line was generated and sample concentrations were calculated from their absorbance 
(Appendix 1). Two standards, 25 and 200 ugIL, were eliminated from the curve due to probable 
contarriination and errors made when adding reagents. 
When analyzing turbidity effects, the procedure followed is identical except that ascorbic 
acid is not added. This was only done on a few samples since the results showed negative or 
near-zero phosphorus concentrations. The SRP samples were also omitted due to time 
constraints and evidence of low levels of phosphorus concentrations. 
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RESULTS 
The overall results showed very low concentrations of phosphorus, with a substantial 
amount of variation between samples (Appendix 1). These unrealistically low volumes are likely 
an artifact derived from having an imprecise standard curve. 
Results of the longitudinal surface profile within the side canyons show no apparent 
evidence of a nutrient gradient characteristic of the riverine zone described by Kimmel et aI. 
(1990) (Fig. 3). Both canyons showed an unusual decrease of phosphorus at the creek relative to 
the remaining side channel (Fig. 1 ). 
Although the measured total phosphorus concentrations were very low, a comparison of 
the relative phosphorus concentrations along the longitudinal profiles show that Moqui Canyon 
has a relatively higher concentration compared to Hansen Creek Canyon (Fig. 3). 
Results of the depth profiles near the main channel show an increase of phosphorus from 
approximately at depths from 10 to 25 m in both canyons. However, the variability is extremely 
high and must be taken into account when drawing conclusions, especially for Moqui Canyon 
(Fig. 4 & Fig. 5). Hansen Creek Canyon shows less variation in the increased phosphorus at 30 
m with a possible corresponding increase in chlorophyll a (Fig. 6 & Fig. 7). However, the 
variability in the chlorophyll a data must also be noted. 
According to these results, there were weak negative correlations between chlorophyll a 
and phosphorus concentration (Fig. 8 & Fig. 9). The relationship is evident by low regression 
coefficients, r/\2= 0.44 for Moqui Canyon, and r/\2= 0.36 for Hansen Creek (Fig. 7 & Fig. 8).The 
high variation between samples should be noted. Elimination of the outlier point in Hansen 
Creek Canyon actually decreases the regression coefficient. 
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Chlorophyll a concentrations showed a gradient in the side canyons, implying that there 
should be a corresponding nutrient gradient. However, this was not seen in the results (Fig. 4-7). 
DISCUSSION 
According to our results, there was no apparent phosphorus gradient in the surface ' 
longitudinal profile of either Moqui or Hansen Creek Canyon. There was also an insignificant 
correlation between total phosphorus and chlorophyll a concentrations. Therefore, both 
hypotheses were rejected on the basis of unreliable, uncorrelated, and highly variable data. 
The conclusion was reached ~at our samples were contaminated. This can be from a 
number of different sources since phosphorus is a common element in our surroundings. A 
number of different people assisted with collection and analysis of the samples, which could 
increase variation. There are many steps in the analysis process that could add contamination to 
the samples, for example unclean reagents, pipettes, or dust. Samples also could have been 
stored in unclean containers or analyzed with inaccurate laboratory equipment. Past studies have 
shown problems with the popular molybdate method, such as overestimating phosphorus in 
oligotrophic lakes (Cooper 1975). 
Problems encountered included vial lids popping off when samples were frozen. We also 
had troubles with the spectrophotometer readings, possibly from background light or 
interference. This would be contribute an equipment source of variation. Also, the standard 
curve which is the basis of the sample absorbance-P concentration relationship, could have been 
incorrect and skewed the results to low phosphorus concentrations. Two of the standards (25 and 
200 ug/L) were eliminated from the curve. Despite the fact that our results were extremely low, 
we can conclude that Moqui Canyon has relatively higher phosphorus concentration compared to 
that of Hansen Creek Canyon. This relative difference in phosphorus concentration is consistent 
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with the higher chlorophyll a levels found in Moqui Canyon than in Hansen Creek Canyon 
(Virgilio, this report). Moqui Canyon is protected from the wind by steep, narrow cliffs, whereas 
Hansen Creek Canyon is wider and more exposed. It has been shown that strong winds and 
breaking surface waves lead to turbulent mixing of the surface water, which can decrease nutrient 
levels (Imboden & Wuest 1995). 
Compared to our results ranging from 0.0283 to 0.0365 ,Ug/L, previous studies of 
nutrients in side canyons in Lake Powell show higher phosphorus concentrations. Kim found 
total phosphorus concentrations in Moqui and Hall's Creek Canyon ranging from 12 to 70 ,Ug/L 
(Wurtsbaugh and Gallo 1996). In 1995 with a slightly different experiment, Meeker found 
phosphorus concentrations ranging from negative numbers to 150 ,Ug/L, indicating substantial 
variation (Wurtsbaugh and Steinhart 1995). 
Other aquatic systems show much higher concentrations of phosphorus: The EPA (1979) 
showed that 96% of streams in the Colorado Plateau region are characterized by high 
concentrations of phosphorus (31 - 100 ,Ug/L). The average range of TP levels in lentic and lotic 
freshwaters of the U.S. is from 100 - 200 ,Ug/L (EPA 1979). The EPA also studied temperate 
lakes and found phosphorus-limited systems to commonly have rapid cycling and phosphorus 
concentrations may be less than 20 ,Ug/L (1979). Lakes have also shown seasonal variation of 
total phosphorus concentrations ranging from 5 - 30 ,Ug/L in summer to 8 - 80 ,Ug/L in winter 
(EPA 1979). 
Based on the chlorophyll a data of Virgilio (this issue) that was collected simultaneously 
with the phosphorus samples, predicted total phosphorus concentrations for Moqui and Hansen 
Creek Canyons were calculated using the regression equation Vollenweider and Kerekes [chi 
(,Ug/L) = 0.28* total P (,Ug/L) AO.96] (Fig. 10 & 11; Lampert & Sommer 1997). Predicted total 
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phosphorus concentrations ranged from 2 to 22.5 ,Ug/L for the observed chlorophyll a data. This 
is at least 100 times greater than the observed total phosphorus concentrations. 
Concurrent chlorophyll data and previous nutrient studies reveal evidence of gradients in 
the side canyons (Wurtsbaugh and Steinhart 1995, Wurtsbaugh and Gallo 1996). These follow 
Kimmel's (1980) description of the riverine zone, which exhibits a highest concentration of 
nutrients towards the inlet. One would expect a corresponding nutrient gradient to follow. 
However, our results show a decrease of phosphorus concentrations in both Moqui and Hansen 
Creek Canyons, with high variation between samples .. 
Our results also showed a weak negative correlation between phosphorus and 
chlorophyll, evident by regression coefficients of 0.44 and 0.34, for Moqui and Hansen Creek 
Canyons, respectively. Conversely, Kim found a strong positive relationship between total 
phosphorus and chlorophyll a concentrations (r"2 = 0.90) between Moqui and Hall's Creek 
Canyons in 1996. In 1995, Meeker's regression was a little less (r"2 = 0.77), but still showing a 
moderate positive relationship between total phosphorus and chlorophyll a in the main channel. 
Golterman and Kouwe (1980) have found that this correlation to be poor in lakes with high 
loading and high water renewal rates. 
Depth profile results show an increase in phosphorus from approximately 12-30 m for 
both side canyons. This is located approximately near what would be considered the deep 
chlorophyll maxima. This increase of phosphorus in the depth profile is similar to studies 
conducted in Lake Michigan where particulate phosphorus correlated strongly with algal layering 
(Schafer and Armstrong 1991). In midwesterri lakes, EPA studies reveal that other physical 
factors such as temperature, turbidity, and seasonality appear to correlate highly with chlorophyll 
a concentrations (EPA 1979). 
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Variation in data possibly might be from natural variation since phosphorus levels in 
aquatic systems are affected by many factors. The composition of freshwater is not 'standard', 
but is always changing, both in time and space (Goltennan and Kouwe 1980). It has been shown 
that sedimentation, algal uptake, and resuspension from sediment are the most significant 
nutrient flows in an oligotropic system (EPA 1979). Variations in concentrations of nutrient 
species are a result of differing levels of external input from the creek inlet, as well as varying 
internal biotic and abiotic cycling (EPA 1979). These factors can create a downward flux of 
phosphorus and cause low concentrations of phosphorus (Schafer and Arnlstrong 1991). 
Cycling of nutrients, especially phosphorus, in the aquatic system can be rapid. 
Oligotrophic systems may shift from one limiting nutrient to another seasonally, since all 
nutrient levels are low and the ratios may change frequently (EPA 1979). Most nutrients have a 
short residence time in the water column, and studies show that limiting factors may be 
constantly changing even over a 24-hour period (EPA 1979, Westlake 1980). During the 
summer, the turnover time of phosphate in the epilimnion is generally between one and eight 
minutes, regardless of the trophic state of the water body (EPA 1979). 
Recommendations for further phosphorus studies of Lake Powell include increasing the 
sample numbers to decrease variation between samples and allow for calculation of a standard 
error. Because phosphorus analysis is so sensitive, consistent and proper field and laboratory 
procedures are critical. Reagents used in the colonnetric procedure should be tested for 
pureness. A standard curve should also be established using lower standards for increased 
accuracy. 
Interesting future topics include studying nutrient concentrations in sediment, anl0unt of 
nutrient cycling, and input-output models within Lake Powell. Management of phosphorus in 
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lakes and reservoirs is of critical importance because of the linkage to primary production, water 
quality, and numerous trophic interactions (Schafer & Annstrong 1991). 
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Depth profile showing mean total phosphorus 
concentration at 7 km in Moqui Canyon, Lake 
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Depth profile showing mean chlorophyll a 
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Fig. 8. Correlation between mean chlorophyll a and mean total 
phosphorus concentrations in Moqui Canyon, Lake Powell, 
Utah. 
Hansen Creek- longitudinal profile 
mean chi a vs. mean TP 
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Fig. 9. Correlation between mean chlorophyll a and mean total 
phosphorus concentrations in Hansen Creek Canyon, Lake Powell, 
Utah. With outlier point included, r"2 = 0.34; with point 
excluded r"2= 0.06. 
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Appendix 1. The following is a summary of the sampling stations, measurements, means, 
and standard deviations for observed total phosphorus in Lake Powell from April 11-13, 1997. 
TOTAL PHOSPHORUS 
NOMINA DEPTH Measure- Blank mean Individ. mean 
CANYON STATION (m) ments @ Blank Subtracte absorb (P] (P] ug/L SO (PJ 
1.JI1I\IC~;1\ 5.5 km 0.5 0.025 0.001 0.0240 0.0410 0.02843 0.02850 0.00007 •• r>."1...., ....... 
0.059 0.001 0.0580 0.02857 
HANSEN 5.5 km 15.0 0.045 0.001 0.0440 0.0345 0.02851 0.02847 0.00004 
0.027 0.002 0.0250 0.02844 
HANSEN 5.5 km 23.0 0.321 0.009 0.3120 0.1880 0.02954 0.02907 0.00048 
0.071 0.007 0.0640 0.02859 
HANSEN 5.5km 30.0 2.128 0.002 2.1260 2.0455 0.03652 r-- 0.03621 0.00031 
1.966 0.001 1.9650 0.03590 
HANSEN 5.5 km 55.0 0.069 0.008 0.0610 0.0455 0.02858 0.02852 0.00006 
0.031 0.001 0.0300 0.02846 
HANSEN 5.5 km 83.0 0.133 0.002 0.1310 0.0895 0.02885 0.02869 0.00016 
0.048 0.000 0.0480 0.02853 
HANSEN 4km surface 0.045 0.002 0.0430 0.0385 0.02851 0.02849 0.00002 
0.036 0.002 0.0340 0.02847 
HANSEN 3km surface 0.355 0.310 0.0450 0.0485 0.02852 0.02853 0.00001 
0.054 0.002 0.0520 0.02854 
HANSEN 2 km 0.5 0.033 0.001 0.0320 0.0985 0.02847 0.02872 0.00026 
0.475 0.310 0.1650 0.02898 
HANSEN 2km 5.0 0.354 0.310 0.0440 0.0220 0.02851 0.02843 0.00008 
missing 0.0000 0.02834 
HANSEN 2 km 10.0 0.030 0.001 0.0290 0.0250 0.02845 0.02844 0.00002 
0.023 0.002 0.0210 0.02842 
HANSEN 2km 15.0 0.054 0.001 0.0530 0.0395 0.02855 0.02849 0.00005 
0.027 0.001 0.0260 0.02844 
HANSEN 1 km 0.5 0.043 0.001 0.0420 0.0425 0.02850 0.02851 0.00000 
0.044 0.001 0.0430 0.02851 
HANSEN 1 km 5.0 0.023 0.001 0.0220 0.0250 0.02843 0.02844 0.00001 
0.029 0.001 0.0280 0.02845 
HANSEN 0.5km surface 0.041 0.001 0.0400 0.0420 0.02850 0.02850 0.00001 
0.045 0.001 0.0440 0.02851 
HANSEN creek surface 0.023 0.001 0.0220 0.0260 0.02843 0.02844 0.00002 
0.031 0.001 0.0300 0.02846 
MOOIIt 7 km 0.5 0.105 0.004 0.1010 0.1025 0.02873 0.02874 0.00001 
---
0.105 0.001 0.1040 0.02874 
MOaUI 7km 12.0 0.129 0.001 0.1280 0.1645 0.02883 0.02897 0.00014 
0.202 0.001 0.2010 0.02912 
MOaUI 7 km 36.0 0.082 0.001 0.0810 0.0925 0.02865 0.02870 0.00004 
0.105 0.001 0.1040 0.02874 
MOaUI 7km 50.0 0.103 0.001 0.1020 0.0955 0.02873 0.02871 0.00003 
0.090 0.001 0.0890 0.02868 
MOaUI 7km 87.0 0.081 0.001 0.0800 0.1140 0.02865 0.02878 0.00013 
0.149 0.001 0.1480 0.02891 
MOaUI 5 km surface 0.126 0.002 0.1240 0.1035 0.02882 0.02874 0.00008 
0.085 0.002 0.0830 0.02866 
MGQUI 3.5 km surface 0.125 0.001 0.1240 0.1210 0.02882 0.02881 0.00001 
0.122 0.004 0.1180 0.02880 
MOaUI 2.5 km surface 0.098 0.002 0.0960 0.0915 0.02871 0.02869 0.00002 
0.089 0.002 0.0870 0.02868 
MOQUI 2km 0.5 0.131 0.002 0.1290 0.0840 0.02884 0.02867 0.00017 
·0.041 0.002 0.0390 0.02849 
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MOQUJ 2km 5.0 0.133 0.002 0.1310 0.1275 0.02885 0.02883 0.00001 
0.126 0.002 0.1240 0.02882 
MOQUJ 2km 7.5 0.123 0.003 0.1200 0.1130 0.02880 0.02878 0.00003 
0.108 0.002 0.1060 0.02875 
MOQUJ 2km 10.0 0.068 0.002 0.0660 0.0840 0.02860 0.02867 0.00007, 
0.104 0.002 0.1020 0.02873 
MOQUJ 1 km surface 0.411 0.002 0.4090 0.2690 0.02992 0.02938 0.00054 
0.131 0.002 0.1290 0.02884 
MOQUJ 0.5 km surface 0.175 0.002 0.1730 0.1395 0.02901 0.02888 0.00013 
0.108 0.002 0.1060 0.02875 
MOQUJ creek surface 0.151 0.002 0.1490 0.1130 0.02892 0.02878 0.00014 
0.079 . 0.002 0.0770 0.02864 
BULLFR n/a surface 0.102 0.002 0.1000 0.1315 0.02873 0.02885 0.00012 
0.165 0.002 0.1630 0.02897 
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CHAPTER THREE 
Response of Chlorophyll a to a Trophic Gradient in Side Canyons of 
Lake Powell 
Susan Virgilio 
INTRODUCTION 
Lake Powell is a large reservoir in southeastern Utah characterized by deep canyons and 
high mesas. Several studies have been conducted on the trophic gradients found in the main 
channel (Gloss et al. 1980). In this study I used chlorophyll a concentrations to quantify the 
gradients in two side channels. 
The trophic structure of the canyons is controlled by the physical attributes of the 
reservoir. The wind resistance offered by the sheer cliffs combined with a halocline contribute to 
the meromictic nature of the reservoir. Subsequently,. convective mixing only influences the 
bottom of the reservoir in the shallow upstream areas and some side canyons, resulting in a large 
monimolirnnion that never circulates with the epilimnion (Gloss et al. 1980). 
In addition to the limited mixing of the stratified layers, the hydrological inputs of the 
tributaries also contribute to the physical and chemical gradients associated ~th the side 
channels. Total phosphorus is related to suspended clays in the river water (Gloss 1977, from 
Gloss et al. 1980). Consequently, the highest phosphorus concentrations will be found at the 
inflow area and decrease toward the main channel. Conversely, the inflow area experiences the 
highest turbidity resulting in a reduced photic zone depth. Therefore, the advective control of 
nutrients and high turbidity controls the spatial distribution of phytoplankton in the main channel 
(Gloss et al. 1980). These trends may also be observed in the side canyons (Kimmell et al. 1990). 
Reservoirs are typified by three zones: riverine, transitional, and lacustrine (Kimmel et al. 
1990). These definitions correspond to the results obtained by Gloss et al. (1980). The riverine 
zone represents an area of high suspended solids, high nutrient concentrations, and light-limited 
primary production. The transition from riverine to lacustrine is depicted by reduced suspended 
solids, increased light availability, and nutrient-limited primary production. Therefore, we would 
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expect an increase in phytoplankton production from the riverine to the transitional zone, 
followed by a decrease in production as the transition is made to the lacustrine zone. 
Phosphorous is considered the limiting factor in many reservoirs (Gloss et al. 1980), 
including Lake Powell (Standford and Ward 1990, Wurtsbaugh and Gallo 1996). Therefore 
phytoplankton biomass trends should be analogous to phosphorus trends when light is not the 
limiting factor. Chlorophyll a is highly correlated with phytoplankton production and is therefore 
a good estimator of phytoplankton biomass (Brylinski 1980). 
Phytoplankton production is also controlled by light intensity and zooplankton grazing. 
Edmondson (1956) has shown an optimal light intensity for phytoplankton production. In surface 
waters, phytoplankton production should be low due to high light intensity. Conversely, at low 
light intensities, a compensation point is reached where photosynthesis is balance by respiration. 
In addition, large species zooplankton communities, for example, Daphnia, influence 
phytoplankton community structure and abundance (Vanni 1987). T~erefore depth profiles will 
demonstrate the influences of light intensity and zooplankton grazing on phytoplankton. 
In examining two side canyons of Lake Powell, Moqui and Hansen Creek, we attempted 
to quantify the trophic gradients associated with phosphorus availability. In addition to depth and 
longitudinal profiles, the influence of light and zooplankton distribution were examined. 
METHODS 
The objective of this analysis was to compare the tophic gradients in Moqui Canyon and 
Hansen Creek Canyon. Prior research indicated that the greatest concentration of nutrients was 
found in the first 2 Ian of the side channels and decreased towards the main channel; in essence, 
the side channels are more productive than the main channel (Wurtsbaugh and Steinhart 1995, 
Wurtsbaugh and Gallo 1996). 
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In order to identify the trophic gradient associated with each channel, several samples 
were taken along the center of the channel. Hansen Creek Canyon is 6 km long and Moqui 
Canyon is 7 km long. Epilimnetic water samples were taken at 0.5, 1, 3.5, and 5 km in Moqui 
Canyon and 0.5, 1,3, and 4 km in Hansen Creek Canyon. To look at the vertical structure of the 
phytoplankton community, depth profiles were taken at 2 ·km and at the mouth of both canyons. 
The relative depths were determined by channel depth and the lower limits of the photic zone and 
epiliminion. The station location was chosen to minimize the influence of any side channels. In 
addition to the water samples taken for phytoplankton biomass, phosphorus (Lund 1997, this 
report) and zooplankton samples (Davis 1997, this report) were taken concurrently. 
We used a light meter and a Secchi disc to determine the photic zone and the 0.1 % light 
level. Temperature profiles were also taken to determine the lower limit of the epiliminion. We 
also sampled dissolved oxygen at the corresponding depths to determine the compensation point. 
For stations where only surface samples were obtained, we used a 6-meter integrated 
Tygon sampling tube to ensure the sample was representative of the epiliminion. The 
phytoplankton samples for the depth profile were collected using a Kemmerer bottle. We stored 
the samples in a cooler in 150-ml plankton cups until I was able to filter them that night. Two 
replicate samples were filtered using Whatman OF IC filters. The filters were folded in half, 
wrapped in aluminum foil, placed in a resealable bag, and frozen on dry ice. 
The sample's were analyzed in the laboratory at Utah State University. Each filter was 
transferred to a 15-ml centrifuge tube and 6 ml of buffered methanol was added. The extraction 
procedure required a minimum of 6 hours before the samples could be analyzed. Fluorescence of 
the extracted chlorophyll was determined with a Turner model 111 A fluorometer. Six milliliters 
of sample was transferred to a cuvette and placed in the fluorometer and the fluorescence was 
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obtained. To determine the amount of flurorescence attributed to phaeophytin, 150 ,ul HCI was 
added to each cuvette and reread. Wetzel and Likens (1991) describe the procedures for 
calculating chlorophyll a and phaeophytin. 
RESULTS 
The results for the chlorophyll a concentrations obtained at the designated stations in 
Hansen Creek Canyon and Moq~i Canyon are listed in Tables 1 and 2, respectively. The canyons 
displayed appreciable differences in chlorophyll a concentration (Fig. 1). These differences may 
be attributed to the river/lake characteristics of reserv9irs described by Kimmel et al. (1990). 
Moqui Canyon is a narrow canyon with steep cliffs that shelter it from the wind. Because of these 
characteristics, Moqui Canyon exhibits the characteristics associated with the transition zone. 
Hansen Creek Canyon coincides with the transition/lacustrine zones. Therefore, the higher 
chlorophyll a biomass obtained in.Moqui Canyon substantiates the theory that the transition zone 
should have higher primary productivity. Alternatively, nutrient loading from the watershed 
and/or from human wastes may be higher in Moqui than in Hansen Canyon. 
In order to quantify the differences in phytoplankton biomass obtained for the two 
canyons, chlorophyll a concentrations were plotted as a function of Secchi depth. The results 
showed no appreciable relationship (Fig. 2) between these two parameters. Secchi depth data, 
however, was not available for the two sites in Moqui Canyon where chlorophyll levels were 
highest. 
Hansen Creek Canyon 
The results for Hansen Creek Canyon are typical of reservoirs exhibiting river/lake 
characteristics. Depth profiles reflect that Hansen Creek exhibits trends analogous to lakes 
(Edmoridson 1956). A deep chlorophyll maximum may have occurred between the photic 1 % 
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light level and the 0.1 % light level. The results for the 6-km station show a rapid decline in 
chlorophyll concentrations below the photic zone. Variances on replicate samples were high 
(Table 1), however, making profile interpretation problematic. 
Although the highest chlorophyll a concentrations occur near the inlet, the longitudinal 
profile does not reveal any significant trends for a trophic gradient (Fig. 5). Similar results were 
obtained in 1996 in a different side canyon (Austin 1996). Analysis of Secchi depths revealed a 
downward trend if Secchi depth 4.5 is excluded (Fig. 6). Inclusion of all the data points, however, 
does not reveal a significant trend (R2=0.30). Unfortll:nately, a thorough examination of the 
results was prevented because of limited zooplankton biomass and phosphorus concentration data. 
Moqui Canyon 
The results for Moqui Canyon demonstrate the transition characteristics of the reservoir. 
The surface profile yields a trophic gradient from the inlet of the canyon to about 3.5 km after 
which chlorophyll levels stabilized (Fig. 7). Similar trends for phosphorus would also be 
expected, however contamination of phosphorous samples prevented comparison of phosphorus 
and chlorophyll a. In addition to phosphorus limitations, zooplankton biomass increased along 
the channel, phytoplankton biomass decreased. This may be attributed to increased Daphnia 
concentrations along the channel. Larger zooplankton, such as Daphnia, can exert grazing 
pressure on the phytoplankton community (Vanni 1987). 
The depth profiles indicate that Moqui Canyon is subject to different physical/chemical 
controls than Hansen Creek Canyon. The depth profile at the mouth of the canyon (7 km) showed 
that chlorophyll a concentrations decrease with increasing depth (Fig. 9). The profile also shows 
a drastic decline in chlorophyll a concentration below the photic zone. Conversely, chlorophyll a 
concentrations remained relatively constant throughout the profile at station 2 km (Fig. 8). This 
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indicates that the factors controlling phytoplankton abundance also remained constant throughout 
the profile. 
DISCUSSION 
In conclusion, the chlorophyll a analysis revealed that Moqui Canyon and Hansen Creek 
Canyon have very different trophic structures. Moqui Canyon demonstrates characteristics of the 
transition zone, while Hansen Creek Canyon has attributes of the transition/lacustrine zone. 
These two canyons also vary from the main channel (Wurtsbaugh and Steinhart 1995). In order to 
have a thorough understanding of the physiochemical ,controls on each ecosystem, a 
comprehensive examination of phosphorus, light, and zooplankton biomass is needed. Without 
these data, reliable conclusions can not be deduced. 
Although relationships between the physiochemical parameters and phytoplankton 
abundance could not be examined, the chlorophyll a data revealed important information. The 
canyons and main channel ecosystems reveal that these systems may be operating somewhat 
independently. Therefore, these systems must be considered separately regarding management 
decisions. 
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p' 
i- .-- ---rphotic : - D.Oo1-secch-i - -;--
station depth zone(1%) ! light depth no chi a phaeo %chl a mean std 
6km i 0.5 18 28.7 10.45 1 1.03 1.00 51 1 
0.5 I 2 0.74 0.27 73 0.89 0.14 1 
---- - --:--I --1-5t-----r-----t,---+-----3 1-1 --0-.8-6-+---0-.4-2+---67-t------t---~- ---j 
15 4 0.72 0.40 64 0.79 0.07 
23 5 1.24 -0.18 117 
23 6 0.87 0.88 50 1.05 0.19 
30 , I 7 0.31 0.37 46 
30 8 0.73 0.31 70 0.52 0.21 
55 9 0.09 0.17 33 
! 55 10 0.11 0.15 43 0.10 0.01 
I 83 j ! 11 0.04 0.21 15 
~---+_--~--~---~--_+------r-----~----_+----i 83 1 j 12 0.01 0.39 2 0.01 -0.02 
,4 km 1 0.5 I I 9.9 / 13 0.84 0.45 65 
, 
0.5 14 1.15 0.24 83 1.00 0.16 
:3 km 0.5 6.2 15 1.51 0.50 75 
0.5 16 1.13 1.21 48 1.32 0.19 
2km 0.5 11 16 1 4.61 . 17 o:-w 1.98 5 
0.5 18 0.93 0.57 62 0.93 0.42 
5 19 1.20 0.09 93 
5 20 1.27 0.68 65 1.24 0.03 
10 21 1.29 0.79 62 
10 22 2.31 0.26 90 1.80 0.51 
15 23 2.57 0.16 94 
15 24 1.44 1.13 56 2.00 0.57 
. 1 km 0.5 2.7 25 1.21 0.35 78 
0.5 26 1.08 0.72 60 1.15 0.07 
5 0.65 27 1.13 1.22 48 
i 51 28 1.23 0.21 85 1.18 i 0.05 
0.51 I i 29 1.00 0.78 56/ I I 
i 0.5 1 1 I 30 3.05 0.41 88 i 2.03 1.02 1 __ _ ___ ---.:...... ____ ~ ____ __'__ ____ --'-_____ _'___ ____ ____L_ __ ___.J... ___ _'___ _ ____L_ _ ___'_ ___ _____' 
Table 1. Hansen Creek Canyon Chlorophyll a data. 
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--- ------ .- . -- - -------- -.-----
photic I 0.001 secchi 
station depth zone light depth no chla phaeo %chla mean std 
0.5 km 0.5 31 5.29 4.00 57 
0.5 32 5.88 4.29 58 5.59 0.64 
' 1.0 km 0.5 33 4.61 i 0.80 85 ~ 
0.5 34 4.20 2.49 63 4.40 1.51 
2.0 km 0.5 12.1 6.7 35 1.18 1.02 54 
0.5 36 1.97 0.71 74 1.57 0.26 
I 5 37 1.44 0.29 83 
5 38 1.63 1.41 54 1.54 0.20 
10 39 2.04 0.61 77 
10 40 1.04 0.94 53 1.54 0.13 
3.5 km 0.5 I 12.2 46 0.78 0.95 47 I 
0.5 47 0.97 1.17 72 0.87 0.10 
5km 0.5 14 48 1.35 / 0.351 54 
~km 0.5 i 49 1.14 0.25 93 1.25 0.11 0.51 14 24 11.2 50 0.93 0.31 16 
I 0.51 I 51 1.46 0.04 7 1.19 0.26 
12 52 1.19 0.08 45 
I 121 I 53 1.01 1.45 45 1.10 0.09 
36 I 54 0.15 0.27 79 
36 55 0.09 0.35 82 0.12 0.03 
50 56 0.03 0.24 75 
50 57 0.05 0.23 97 0.04 0.01 
85 58 0.01 0.37 94 
85 59 0.01 0.27 41 0.01 0.00 
Table 2. Moqui Canyon Chlorophyll a data. 
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Figure 1. Comparison of chlorophyll a concentrations in Moqui and 
Hansen Creek Canyons. 
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Figure 2. Comparison of chlorophyll a concentrations to Secchi 
depths in Moqui and Hansen Creek Canyons. 
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CHAPTER FOUR 
Factors Controlling the Abundance and Distribution of Periphyton in 
Two Side Canyons of Lake Powell 
James R. Olsen 
Abstract.-- From April 11-13, 1997 a study was performed on 2 side-canyons of Lake 
Powell, Utah-Arizona, to asses the principal limiting factors of the periphyton or attached algae 
community. The canyons studied were Hansen Creek Canyon and Moqui Canyon. Each 
location represents different physical and environmental conditions. Periphyton abundance was 
estimated along the gradient in each side-canyon from the inlet to the main channel by collecting 
periphyton-colonized stones at a depth of 1 m. Chlorophyll and other pigments were extracted 
and analyzed using spectrophotometric methods. Chlorophyll a levels varied from 0.2 to 2.8 
gocm-2• The study did not conclusively demonstrate that nutrient concentration was the primary 
factor limiting periphyton abundance in the side canyons investigated. The results of this study 
are compared with the results from a similar study performed on Lake Powell in 1996 as well as 
periphyton abundances from around the world. 
Pennate diatoms, filamentous green algae, and cyanobacteria are common members of the 
periphyton, or attached algae community (Home and Goldman 1994). Although they are less 
understood than phytoplankton, attached algae play an equally important role as primary 
producers in many lakes. Periphytic algae can obtain high biomass, and in some cases contribute 
up to 80% of a system's primary production (Priddle et al. 1986). Periphyton communities 
serve as a food source for grazing and detritivorous invertebrates such as snails, chironomids, 
mayflies, and caddisflies (Fairchild et al. 1989). Due to its attached nature, periphyton has 
recently been used as an experimental tool to determine the extent of point source pollution and 
nutrification (Fairchild and Lowe 1984, Home and Goldman 1994). 
Variations in the biomass of periphytic algae may be caused by several factors, including 
substratum composition, temperature, grazing, light, and nutrient supply (Hansson 1992). 
Several studies have demonstrated that periphytic algae are competitively depressed by 
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phytoplankton via shading (Hansson 1988), suggesting a negative relationship between 
periphytic algae and their proportional contribution to lake productivity. However, Marks and 
Lowe (1993) found contradicting evidence; using artificial shading in an oligotrophic lake, they 
measured no difference in periphyton production even when light intensity levels were reduced-
by as much as 70%. 
Wave action caused by winds or recreational boating also control periphyton biomass 
(Vermant and De-Bruyne 1990). Because h.eavy wave action can detach parts of the periphyton 
community, waves have been thought to depress periphyton biomass. Filamentous and colonial 
algal species appear to be the most susceptible to wave scouring while diatoms are quite resistant 
(Stevenson et al. 1990). Moderate wave action, however, can have a po~itive effect by increasing 
water currents and nutrient supply (Cattaneo 1990). 
Sediment-dwelling algae are known not only to take up nutrients from the water but also 
from the sediments (Carlton and Wetzel 1988; Hansson 1990), which implies less sensitivity to 
low nutrient availability than phytoplankton. It has also been suggested that the biomass of 
sediment-dwelling algae is greatest in lakes where phytoplankton biomass is low, due to 
insufficient nutrient supply. This idea implies a negative relationship between lake productivity 
and periphyton biomass (LeCren and Lowe-McConnell 1980; Hansson 1988). However, in lakes 
with extremely low production, the combined nutrient supply from water and sediment may be 
too low even for sediment-dwelling algae. This hypothesis suggests that periphytic algal 
biomass shows a hump-shaped curve along a productivity gradient of lakes if a wide enough 
gradient is investigated (Hansson 1992). 
The objective of my study was to measure periphyton abundance and determine what 
factors limit its abundance. Erickson (1996) concluded in her investigation of Moqui and Halls 
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Creek Canyons that wave action was the primary factor limiting the abundance of periphyton. I, 
however, hypothesize that nutrient concentration is the primary factor limiting periphyton 
abundance. I also hypothesize that the nutrient gradients along each side canyon will control 
algal biomass such that, when plotted against lake productivity, a hump-shaped curve like the 
one produced by Hansson (1992) will result. 
METHODS 
From April 11-13, 1997, Moqui and Hansen Creek Canyons (side-canyons of Lake 
Powell) were investigated for the abundance and distribution of periphytic algae. Two transects, 
one in Moqui Canyon and the other in Hansen Creek Canyon were established and divided into 
kilometer intervals using a map provided by the Bureau of Reclamation (see Map 1 in appendix). 
The stream inlet to each canyon was labeled O-km and sampling stations were measured and 
labeled as km-from-inflow. Due to the unusual morphometry of Lake Powell (i.e. the shore line 
consist of mainly vertical sandstone cliffs) several of the sampling sites were determined by 
accessibility rather than predetermined distances. Three locations in Hansen Creek Canyon, 1 
km, 2 km and 4.5 km were selected as sampling sites. The l-km and 2-km sites were both 
located on the south shore while the 4.5-km site was located on the north shore. Three "locations 
at Moqui Canyon were also sampled at, 0.5 km, 4 km, and 6 km, all of which were located on the 
north shore. 
Cobble-sized rocks that had been colonized by periphyton were collected and used to 
estimate the relative abundance of periphyton at each site. The periphyton-covered rocks of 
roughly equal size were collected at a depth of 1 ril at each site. These rocks were carefully 
removed from the substrate using a large metal kitchen spoon taped to a wooden pole, and placed 
in resealable bags. After marking the location of the sample, the bags were placed on dry ice and 
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frozen for later lab analysis. Some samples collected were not immediately frozen. These 
samples were kept in a cooler with ice for 3 days before being frozen in an electric freezer. Ten 
replicates were originally collected from each site, however, due to a labeling error several of the 
samples could not be identified. None of the samples collected from 0.5 km in Moqui Canyon 
could be identified, nor 3 samples from the 6-km site. Seven samples could not be identified 
from Hansen Creek Canyon: 2 from the I-km site, 1 from the 2-km site, and 4 from the 4.5-km 
site. 
Qualitative data was collected to determine the abundance, species composition, and 
possible grazing pressure of invertebrates utilizing the periphyton community. These data were 
taken using the rocks collected for periphyton analysis. During the extraction process the 
number and type of invertebrates were noted. 
In the laboratory, each periphyton sample collected was treated with filtered methanol, 
which was previously buffered with magnesium carbonate. Individual rocks were taken from the 
resealable bags while they were still frozen and placed into labeled 44-oz plastic cups. Each 
resealable bag was then rinsed with methanol and the contents poured into the cup. To extract 
the chlorophyll and other pigments, buffered methanol was added to the cup until the rock 
became completely submerged. After 24 hr of extraction in the dark at room temperature, each 
sample was stirred by hand and then left for 20 min to insure thorough extraction of the pigments 
and to allow the sediment to settle. Each rock was removed from its cup and rinsed with 
methanol allowing all methanol to drain back into the cup. The volume of the methanol-
chlorophyll solution was measured with a graduated cylinder and recorded. Ten milliliters of the 
methanol-solution was taken from the cup and filtered using Whatman Microfibre GF IC filters. 
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The concentration of extracted pigments in the methanol solution was then quantified using a 
spectrophotometer. 
A 2-ml solution of filtered, buffered methanol was poured into a l-cm path-width cuvette 
and placed into a Spectronic 710 spectrophotometer. This blank was used to zero the machine 
and correct for any possible drift between trials. Another l-cm path-width cuvette was filled 
with 2 ml of methanol-chlorophyll solution and placed in the spectrophotometer. The sample 
was measured at a wavelength of 655 nm and the absorbance was recorded. The door to the 
spectrophotometer was then opened and 75 JlL of IN.HCI was added to the cuvette containing 
the methanol-chlorophyll solution. This addition of acid converts all chlorophyll a pigments into 
phaeopigments. Both cuvettes were then placed back into the machine and the absorbance was 
again measured and recorded. Between samples the cuvette containing only methanol remained 
in the machine while the other cuvette was removed, rinsed with methanol and dried before the 
next sample was tested. 
Chlorophyll a and phaeopigment concentrations were calculated using the following 
equations (Lorenzen 1967, Wetzel and Likens 1991): 
Chlorophyll a = (k) (F) (A665b -A665al...CYl 
(Area) (Z) 
Phaeopigments= (k) (F) [(R) (A665ll-.C&65al...CYl 
(Area) (Z) 
A665b = absorption at 665 nm before acidification. 
A665a = absorption at 665 nm after acidification. 
k = absorption coefficient/cm of chlorophyll a in methanol = 11.3. 
F = Factor to equate the reduction in absorbency due to acid to initial 
chlorophyll concentrations, 1.7/0.7 = 2.43. 
R = Maximum ratio of A665J A665b in the absence of phaeopigments = 1.7. 
V = volume of methanol-chlorophyll solution. 
Area = area of rock surface (cm2). 
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Z = Length of light path through cuvette = 1 cm. 
The exposed surface area of each rock was estimated using the following equation: 
A= L1 +L2+L3 • WI +W2+W3 + P • (HI +H2+H3) • 0.5 
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Where A= area, L= length, W= width, P= perimeter, and H= height 
The above equation assumes that each rock is 50% imbedded in the substrate which was 
found to be generally true at Lake Powell. Such an equation does not yield a precise estimate of 
the actual rock area due to the complex shape of each rock. However, the equation gives a 
relative estimate of the rock surface area that is precise enough for the calculations perfonned in 
this experiment. 
RESULTS 
The mean rock area of the 40 samples collected was 551 cm2(range 185- 1382) (see 
Table 1 in appendix). There was very little correlation (r = 0.012) between rock area and 
chlorophyll a concentration (Fig. 1). The mean rock area from each collection site increased 
from the inflow to the main channel due to the abundance of collectable rocks near the inflow 
and the lack of collectable rocks toward the main channel. 
Chlorophyll a concentrations were much higher in Moqui Canyon than in Hansen Creek 
Canyon. A downward trend existed between 4 km and 6 km in Moqui Canyon (Fig. 2). The 
mean chlorophyll a concentration for the 10 samples collected at 4 km was 1.88 Jlg/cm2 
(SE=0.190). The mean phaeopigment concentration at this same location was more than double 
the concentration of chlorophyll a (mean=5.12 Jlg/cm2 ,SE=0.53). The mean chlorophyll a 
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concentration for the 7 samples collected at 6 km was 0.78 ~g/cm2 (SE=0.24). The 
phaeopigment concentration was 2.06 ~g/cm2 (SE=0.60) (see Table 2 in appendix). 
The trend of pigment concentration in Hansen Creek Canyon decreased from 1 km to 2 
p-
km then increased sharply at 4.5 km (Fig. 3). The mean concentration of chlorophyll a from the 
8 samples collected at 1 km was 0.43 ~g/cm2 (SE=0.09), while the phaeopigment concentration 
averaged 1.01 ~g/cm2 (SE=0.28). Nine samples were collected at the 2 km site. The mean 
chlorophyll a concentration was 0.68 ~g/cm2 (SE=0.31). The site of the highest pigment 
concentration in Hansen Creek Canyon occurred at 4.5 km. The mean chlorophyll a 
concentration at this location was 1.29 ~g/cm2 (SE=0.52) and the phaeopigment concentration 
was 3.39 ~g/cm2 (SE=0.57) (see Table 2 in appendix). 
A one-way ANOV A was performed for both Moqui and Hansen Creek Canyons to 
determine if the differences between sample sites were significant. The two sample locations in 
Moqui Canyon were not statistically significant at the 95% confidence interval (p=0.11 0), 
however, they were significant at the 85% confidence interval. The three sample locations in 
Hansen Creek Canyon were statistically different (p=0.049) at the 950/0 confidence interval. 
Using phytoplankton as an estimator of nutrient concentration, phytoplankton chlorophyll 
a concentration measured at 0.5m (see Virgilio 1997, this report) was plotted against periphyton 
concentration (Fig. 5). Using the mean values of chlorophyll a from the periphyton and 
phytoplankton samples collected at both Hansen Creek and Moqui Canyons, a scatter plot 
revealed no correlation between the variables (y-2=0.002). 
Evidence of grazing invertebrates was minimal in the samples collected from Moqui and 
Hansen Creek Canyons. Of the 40 samples processed, one chironomid larvae was fotmd. There 
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was no evidence of grazing trails, characteristic of invertebrates such as gastropods and mayflies 
on the rocks collected, nor were any such trails noticed on the other substrates in Lake Powell. 
DISCUSSION 
The distribution ofperiphyton is patchy and highly irregular (Wetzel and Likens 1991). 
Factors such as light, nutrients, wave action, turbidity, and fluctuating lake levels greatly 
influence the periphyton commuI?-ity of Lake Powell. The unique morphometry of the two side 
canyons investigated in this study represent different types of environments. Moqui Canyon is 
characterized by nearly vertical sandstone cliffs rising, directly out of the water. In this canyon 
t~e lake remains fairly sheltered from the wind, but the high sandstone walls also reduce the 
amount of time that full sunlight reaches the water each day. Hansen Creek Canyon is also 
characterized by a sandstone shoreline, however, in Hansen Creek the sandstone slopes more 
gently into the water, creating a more extensive littoral zone. Hansen Creek Canyon is somewhat 
more exposed to the wind, however, large scouring waves were not observed during the 3-day 
period of this study. 
Hansson (1992) claimed that periphytic biomass was directly related to lake productivity, 
such that as productivity increased the periphytic biomass increases as well (except in extremely 
eutrophic lakes). In this study I used phytoplankton chlorophyll a concentration collected at a 
depth of 0.5 m as an estimator of productivity. These results are represented in Figure 4. It 
appears that periphyton abundance mimics phytoplankton abundance. The highly variable data, 
however, do not allow a concrete conclusion to be drawn. Several factors could have introduced 
irregularities in the results collected in Hansen Creek Canyon. At the l-km site, the water was 
quite turbid (turbidity=4mg/l, extinction coefficient=0.475), thus the periphyton community 
could have been light-limited. Due to the turbidity of the water at 1 km, visibility was impaired 
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and rocks had to be collected at depths ranging from 0.5 m - 1 m. The 2-km site was located in a 
small alcove on the north-facing shore of the canyon. This area remained sheltered from wind 
and waves, however direct sunlight was blocked and the area became shaded for most of the 
aftemo'on, which may have lead to an underestimation of the actual abundance of periphyton at 
this distance from the inflow. 
The productivity data from both Hansen Creek and Moqui Canyons were compared to 
periphyton abundance to determine if a correlation existed (Fig. 5). Phytoplankton chlorophyll a 
was again used as a substitute for productivity but no correlation was found. This could be due 
to the lack of data along the entire gradient of each canyon, the imprecision of the phytoplankton 
and periphyton estimates, or it could be that nutrients are not the limiting factor controlling the 
abundance of periphyton in Lake Powell's side canyons. 
The periphytic abundance in Moqui Canyon most resembles the findings of Hansson 
(1992). The small data set collected in this study resembles that collected by Erickson (1996) in 
Moqui Canyon (Fig. 6). If the assumption is made that productivity decrease from the inflow 
toward the main channel, then the lines from Moqui Canyon represented in Figure 6 would most 
closely match the productivity curve produced by Hansson (1992). 
The findings of this experiment, however, do not lead to a clear explanation of the factors 
limiting periphyton abundance in Lake Powell. Several factors could have led to the 
inconclusiveness of this data. The sampling technique used in the study of both Moqui and 
Hansen Creek Canyons may not have adequately represented the variability that exists along the 
gradient in each canyon. As previously mentioned, periphyton occurs in patches and a small 
proportion of the entire canyon's length. There was also very little spatial variability within each 
sampling location (all rocks were collected within 50 m of each other). Such sampling 
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techniques also contributed to the under representation of the true variability of periphyton 
abundance. 
The periphyton data collected in the side canyons indicate that Lake Powell is 
oligotrophic. Using the data from Erickson (1996), including Hall's Creek Bay and Moqui 
Canyon, and the data collected in this report, a mean chlorophyll concentration of 1.1 ~g.cm-2 
was estimated. This estimation was compared with other lakes around the world (LeCren and 
Lowe-McConnell 1980) to look at the relative abundances (Fig. 7; also see table 3: appendix). 
Lake Powell has a low abundance of periphyton as co~pared to other systems. This low 
abundance may reflect the lake's oligotrophic condition, however, a combination of factors may 
contribute to the relatively low amount of periphyton in Lake Powell. 
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Table t 
Periphyton Rock Area 
Periphyton Hansen Creek km (1.0) deph= 1m 
rock 1f. mean lengfFi mean wlafFi mean FielgFit perimeter area (mmJ\2) area cmJ\2 
1 59 35.3 11.3 173 3060 306 
2 45 37 18.3 154 3074 307 
3 50.7 34.7 13.3 153 2777 278 
4 47 64 26.3 191 5520 552 
5 35.3 38 18.3 140 2622 262 
6 39.7 54.7 19.7 186 4004 400 
7 51 .3 50.7 18 191 4320 432 
8 52.7 56 36.7 196 6548 655 
mean = 399.0555 
Hansen Creek km 2.0 
1 84 54.3 39.7 217 8869 887 
2 46.3 30.3 20 130 2703 270 
3 60 66 18.7 125 5129 513 
4 46.3 49 7 181 2902 290 
5 56.7 41 38.7 185 5904 590 
6 46 36 19.3 149 3094 309 
7 71 .3 50.3 35.7 222 7549 755 
8 81.7 54.3 33.7 267 8935 894 
9 69.7 31 17 182 3708 371 
mean = 542.14267 
Hansen Creek km 4.5 
1 . 40 47.3 32.7 160 4508 451 
2 92 98 30 320 13816 1382 
3 36 49.7 19 148 3195 320 
4 44.3 62 39.3 176 6205 621 
5 27.3 40.7 12.3 120 1849 185 
6 86 50.7 45 258 10165 1017 
mean = 662.3085 
Moqui canyon km4.0 
1 50.3 32 23.7 137 3233 323 
2 59 49.3 24.7 199 5366 537 
3 47.3 39.7 36.7 166 4924 492 
4 37.7 33.3 25.3 116 2723 272 
5 56 48.7 31 .3 191 5716 572 
6 83.7 41 .7 34.3 228 7400 740 
7 28.3 42 28.3 125 2957 296 
8 49.7 40.3 22.7 169 3921 392 
9 51 60.3 34.7 213 6771 677 
10 40.3 48.7 34.7 165 4825 483 
mean = 478.3758 
Moqui canyon km 6.0 
1 35.7 48.7 26 160 3819 382 
2 64.3 78.7 47.7 257 11190 1119 
3 39.7 66.3 33.7 190 5834 583 
4 45 50 31 125 4188 419 
5 46.7 65.3 34 172 5974 597 
6 44.7 67.7 49.7 209 8220 822 
7 53.7 39.7 21.7 167 3944 394 
mean = 616.66786 
total mean = 551 
range = 185 - 1382 
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TalJle_2 
- ' -
- ---Periphyton Ch lorphyll a and Phaophyton Consentrations 
Periphyton Hansen Cr. km 1 Chlorophyll a Phaopigments 
rocK 11 area cm1<2 MetFi . {ml) a6or6{6ef) a6sor6{aff) mg7cmi"\2 mg7cmi"\2 
1 306 180 0.018 0.007 0.178 0.381 
2 307 230 0.053 0.024 0.597 1.360 
3 278 133 0.046 - 0.02 0.342 0.765 
Han 1km 4 552 270 0.031 0.015 0.215 0.506 
5 262 172 0.094 0.042 0.937 2.124 
6 400 167 0.045 0.019 0.298 0.659 
7 432 162 0.051 0.022 0.299 0.666 
8 655 270 0.115 0.055 0.679 1-.590 
mean= 0.443 1.006 
Sx= 0.267 0.615 
SE = 0.094 0.218 
Hansen Cr. km 2 
1 887 353 0.069 0.031 0.415 0.943 
2 270 180 0.022 0.011 0.201 0.483 
3 513 167 0.071 0.039 0.286 0.730 
4 290 162 0.057 0.023 0.522 1.134 
Han 2 km 5 590 245 0.062 0.023 0.445 0.940 
6 309 172 0.04 0.014 0.397 0.825 
7 755 241 0.031 0.011 0.175 0.366 
8 894 313 0.041 0.017 0.231 0.507 
9 371 282 0.008 0.004 0.083 0.200 
mean = -0.306 0.681 
Sx= 0.146 0.309 
SE = 0.049 0.103 
Hansen Cr. km 4.5 
1 451 203 0.338 0.188 1.854 4.778 
2 1382 239 0.517 0.283 1.111 2.830 ' 
3 320 150 0.217 0.128 1.146 3.101 
Han 4.5 km 4 621 235 0.366 0.217 1.548 4.210 
5 185 125 0.211 0.121 1.670 4.410 
6 1017 260 0.12 0.063 0.400 0.990 
Mean = 1.288 3.387 
Sx = 0.524 1.400 
SE = 0.214 0.572 
Moqui Ca. km4 
1 323 215 0.415 0.266 2'.-723 8.033 
2 537 225 0.337 0.192 1.668 4.382 
3 492 305 0.357 0.189 2.860 7.114 
4 272 147 0.264 0.155 1.618 4.360 
Moq 4 km 5 572 178 0.38 0.224 1.333 3.606 
6 740 229 0.418 0.24 1.513 3.999 
7 296 177 0.251 0.149 1.675 4.560 
8 392 192 0.451 0.267 2.475 6.721 
9 677 195 0.333 0.196 1.084 2.927 
10 483 287 0.312 0.196 1.893 5.456 
Mean = 1.884 5.116 
Sx = 0.601 1.664 
SE = 0.190 0.526 
Moqui Ca. km 6 
1 382 191 0.083 0.046 0.508 1.306 
2 1119 349 0.085 0.056 0.248 0.758 
3 583 236 0.108 0.061 0.522 1.363 
Moq 6 km 4 419 213 0.08 0.046 0.475 1.256 
5 597 272 0.135 0.083 0.651 1.833 
6 822 250 0.632 0.372 2.171 5.866 
7 394 278 0.091 0.05 0.794 2.029 74 
mean = 0.767 2.059 
Sx = 0.641 1.582 
SE = 0.242 0.598 
Table 3 
Lake Powell Periphyton compared to other lakes around the world 
Acutual site 
L. Malawi, Africa 
L. Chilwa, Africa 
Shearwater, UK 
Priddy Pool, UK 
Lake Powell , USA 
Abbots Pond, UK 
Mikolajskie Lake, Poland 
Priddy Pool 2, UK 
Shearwater 2, UK 
Loch Leven, UK 
L. Malawi 2, Africa 
Mean L. Powell ChI. a 
Moq 7 km 1996 
Moq 2 km 1996 
Moq 1 km 1996 
Moq .5 km 1996 
Halls 10 km 1996' 
Halls 2 km 1996 
Halls 1 km 1996 
Halls .5 km 1996 
Moq 4 km 1997 
moq 6 km 1997 
Han 4.5 km 1997 
Han 2 km 1997 
Han 1 km 1997 
Mean = 
site abreviation Chl.a ugicm"2 
MA 0.94 
CH 12.6 
SH 1.4 
PP 2.1 
LP 1.06 
AP 9.2 
ML 3.3 
PP2 7.8 
SH2 17 
LL 80 
MA2 30.8 
ChI. a ug/cm"2 
0.875 
1.96 
1.34 
0.381 
2.17 
0.258 
0.653 
1.47 
0.767 
0.443 
0.306 
1.288 
1.884 
1.06 
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figure 1 
Rock Area vs. Chlorophyll 
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Very little correlation (r2 = .01178) was found between rock area (cm2) and chlorophyll a 
concentrations (mg/cm 2 ). The mean rock area is 551 cm2 (range = 185 cm2 -1382 cm2). 
figure 2 
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Chlorophyll a and phaeopigments from Moqui Canyon show an increase in toncentration 
from 4 km and 6 km. The top of each bar represents the mean pigment concentration for 
each location. The mean chlorophyll a hr 4 km and 6 km was 1.884 mg/cm2 and . 767 
mg/cm2 respectively. Phaeopigments means were 5.116 mg/cm2 and 2.059 mg/cm2. 
The error bars represent one standard error. 
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figure 3 
Hansen Canyon 
Chlorophyll a and Phaopigments 
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Pigment concentrations decrease in Hansen Canyon from 1 km to 2 km then increased 
sharply from 3 km to 4.5 km. The top of each bar represents the mean pigment concentration 
for each location. The mean chlorophyll a for 1 km, 2 km and 4.5 km was ·.443 mg/cm2 , .306 
mg/cm2 and 1.884 mg/cm2 respectively. Phaeopigments means were 1.006 mg/cm2 , .681 
mg/cm2 and 3.387 mg/cm2. The error bars represent one standard error. 
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r Phytoplankton vs. Periphyton Abundance 
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The pattern of phytoplankton and periphyton chlorophyll a from the inflow of Hansen Creek 
(0.5 km) to the main channel (6 km). The solid line connects the mean chlorophyll concentrations 
of. the phytoplankton (~g/L) . The unfilled circles represent the chlorophyll concentrations of the 
2 replicates. The dashed line connects the mean chlorophyll a levels of the periphyton (mg/cm2). 
Each triangle represents a separate replicate from each site. 
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figure 5 
Productivity and Periphyton Abundance 
." 
Using phytoplankton chlorophyll a to represent proquctivity, the a~undance of. phytoplankton was 
plotted agains the abundance of periphyton for each canyon, but little correlation eXists (~= .002). 
Hansen = (H), Moqui.= (M) and the numbers corresponding to each letter represent the distance 
(km) from inflow (M4 = Moqui 4 km). 
.' 
figure 6 
Distance vs. Periphyton Abundance 
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Data compiled from Erickson (1996) and from this study shows trends in the side canyon 
periphyton biomass from the inflow to the main channel. The main channel distance for Hansen 
Creek, Moqui· and Halls Creek is 6, 7, and 10 km respectively. The data points represent the 
mean chlorophyll a value for the replicates taken at each location. The data points from 1996 
represent the mean chlorophyll a concentration from 0.5 m and 1.5 m. The numbers associated 
with each canyon in the legend represents the year of collection (Le. 97=1997). 
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figure 7 
Lake Powel Periphyton Abundance 
Compared to Other Lakes 
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The mean Lake Powell (LP) chlorophyll a concentrations for periphytic algae is compared with the 
maximum values for Lake Malawi, Africa (MA), Lake Chilwa, Africa (CH), Shearwater, UK (SH), 
Priddy Pool, UK (PP), Abbots Pond, UK (AP), Mikolajskie Lake, Poland (ML), Priddy Pool (green 
algae), UK (PA2), Shearwater (Diatoms), UK (SH2), Loch Leaven, UK (LL), Lake Malawi 
(spirogyra) (MA2). 
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CHAPTER FIVE 
Primary Production in Side Canyons an the Main Channel of Lake 
Powell 
Chad Larson 
Abstract.-- Primary production in the main channel of Lake Powell and Moqui canyon 
were compared using the light and dark-bottle method. Results indicate that average net 
photosynthesis was greater in the side canyon than in the main channel. 
All ecosystem productivity depends ultimately on the fixation of solar energy by plants, 
i.e. photosynthesis, which is often referred to as primary production (Fee et al. 1992). 
Phytoplankton photosynthesis is the major contributor to photosynthetic processes in large deep 
lakes. Lake Powell has many side canyons which make up a large part of the lake. Gloss et al. 
(1980) found that as the overflow of the Colorado River advects downstream, suspended 
sediment settles out, increasing the depth of the photic zone and allowing for increases in areal 
productivity rates. In that same study, as the turbidity and velocity was reduced, the primary 
production increased. A similar suppression of phytoplankton productivity due to decreased 
light penetration was described by Carmack et al. (1979). The question I addressed at Lake 
Powell was: Does primary production in the side canyons differ from primary production in the 
main channel? My hypothesis was that there is a measurable difference between the primary 
production of the side canyons compared to the main channel. 
Although students have not previously addressed primary production, I expected to find 
that primary production would be higher in the side canyons than in the main channel. To 
illustrate this, I had originally planned to take side canyon measurements at Halls Creek Bay and 
at Hansen Creek, and main channel measurements where Halls Creek and H~nsen Creek meet the 
main channel. However, due to inclement weather, measurements were only taken from two 
sites within Moqui Canyon. 
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METHODS 
I used the light and dark-bottle method to measure primary production in Lake Powell 
(Lind 1979). This method compares the oxygen changes that occur in plankton communities 
contained in clear bottles with those occurring in dark bottles during an elapsed incubation time. 
Oxygen changes in the light bottles represent net photosynthesis and those in the dark bottle 
represent respiration. 
Primary production was measured at two locations in Moqui Canyon. At a nominal 
distance of2.0 km from the mouth of the creek at Moqui Canyon, I took measurements to 
represent primary production in the side canyons. To represent primary production in the main 
channel, I took measurements where Moqui Canyon and the main channel meet (7.0 km). 
Measurements were made at five depths in the photic zone. The depth of the photic zone was 
estimated by assuming that the photic zone is 2.5 times the Secchi depth. I used the Secchi data 
gathered at each site to calculate the five different depths within the photic zone to take 
measurements. For the main channel I took measurements at 0.5,2.5, 5.0, 10.0, and 15.0 m. For 
the side channel I took measurements at 0.5, 2.5, 5.0, 7.5, and 10.0 m. 
I used a Kemmerer water sampler to collect unmodified water samples from each depth. 
Duplicate light bottles, one dark bottle and one sample for initial oxygen measurement were 
filled as rapidly as possible. The tube from the water sampler was inserted to the bottom of each 
bottle, and flushed continuously for three times as long as it took to fill the bottle initially. The 
bottles were then immediately stoppered and stored in a light-proof box until all of the samples 
were collec~ed. The initial oxygen bottles from each depth were immediately fixed chemically, 
using the Winkler Method, for measurement of the initial concentration of dissolved oxygen. 
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Unfortunately, some air bubbles were left in the bottles during collection, and these may have 
contributed to high variability in replicates. 
U sing a metered suspension line and starting with the samples from the greatest depth, I 
clipped the bottles to the line. I then lowered all of the bottles to the depth from which they were 
collected for incubation, and secured the line to an anchored buoy. Time zero of the incubation 
began when half of the bottles had been lowered. Incubations began near 1400 hr. The length of 
incubation was 7 hr 30 min in the main channel and was 6 hr 8 min in the side canyon. The 
difference in incubation times between the two measurement sites was due largely to travel time 
and an early sunset. 
At the end of the elapsed incubation time, I terminated incubation by immediate chemical 
fixation by adding 1 ml of MnS04 reagent and 1 ml of NaOH + KI as the bottles were retrieved. 
I then stoppered the bottles and mixed them vigorously by inversion. After allowing the 
precipitate to settle, I added 2 ml of concentrated H2S04 below the surface of the sample. After 
stoppering each bottle, I shook them until all of the precipitate had dissolved. 
I measured the rate of change of dissolved oxygen titrametrically by the Winkler method 
(Ryther 1956). I measured 203 ml of the sample into a 250 ml Erlenmeyer flask. With a 2.0 ml 
micrometer burette filled with 0.25 M standardized sodium thiosulfate solution, I titrated with 
mixing until a very pale yellow color was observed. I then added 2 drops of stabilized starch 
mixture and mixed to get a uniform blue color. I continued to titrate to a colorless end point and 
recorded the volume of titrant used. To find out the amount of dissolved oxygen in each bottle, I 
used the equation: 
(ml titrant)(molarity of thiosulfate)(8000) 
(ml sample titrated)((ml of bottle -2)/ml of bottle)) 
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which gave me mgO/ l. Respiration, net photosynthesis, and gross photosynthesis at each depth 
were calculated using the following: 
Respiration = (Initial Bottle - Dark Bottle) 
Net Photo. = (Light Bottle - Initial Bottle) 
Gross Photo. = (Light Bottle - Initial Bottle )+(Initial Bottle -
Dark Bottle). 
RESUL TS AND DISCUSSION 
The rate of respiration and photosynthesis, was estimated by plotting the values of 
mgO/llhr against depth. Figure 1 indicates that there was more respiration than photosynthesis 
taking place in the main channel. These findings are not surprising. Bacterial respiration alone 
may equal and exceed phytoplankton production in some oligotrophic lakes (del Giorgio and 
Peters 1993). In the same study by del Giorgio and Peters (1993), it was surmised that a 
significant fraction of the excess respiration is most likely due to bacterial utilization of dissolved 
organic carbon (DOC) from various external sources. Theoretically, the main channel should be 
influenced more by the DOC coming from the Colorado River than would Moqui Canyon 
resulting in higher respiration values. Figure 2 shows that in Moqui Canyon there was less 
. respiration and more photosynthesis taking place than in the main channel, possibly as a result of 
more nutrients available for photosynthesis coming from the canyon inlet. When plotted on the 
same axes, Figure 3 shows the difference in average net photosynthesis between the main 
channel and Moqui Canyon. Estimates of the rate of photosynthetic productivity through the 
water column of the euphotic zone below one square meter of water surface was obtained by 
integrating the area under the depth-concentration curves. Results show that the mean rate of 
photosynthesis for Moqui Canyon was 0.056 mg/(m"2*hr) and for the main channel was -1.407 
mg/(m" 2*hr). 
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The amount of chlorophyll a in the top 0.5 m of water along Moqui Canyon was 
analyzed. When chlorophyll a is plotted against the distance from the inlet in Moqui Canyon 
(Fig. 4a), results show a decrease in concentration with increasing distance from inlet (Virgfiio, 
this issue). I used the chlorophyll a data points from 5 and 7 km and plotted them against 
average net photosynthesis for 0.5m (Fig. 4.b). The results show that there was a positive 
relationship between the concentration of chlorophyll a and the amount of primary production 
taking place in Moqui Canyon. These results are consistent with those obtained by del Giorgio 
and Peters (1993) in a study that looked at primary production and chlorophyll concentrations for 
118 lakes worldwide. 
Statistical evaluation indicates that there is a measurable difference between primary 
production in Moqui Canyon to that of the main channel. A two-tailed t-test showed that 
approximately 90% of the time, there would be a difference in primary production between the 
main' channel and Moqui Canyon. 
CONCLUSIONS 
While side canyons make up a large part of Lake Powell, very few studies have been 
conducted to see how they function in relation to the main channel of the lake. We would not 
expect the side canyons to behave similarly to the main channel because they are under different 
influences. Results obtained in this study lead me to reject my null hypothesis that primary 
production is the same for side canyons and the main channel. 
This study shows that primary production in the side canyons is an important component 
of total primary production in Lake Powell. My results provide a basis for future studies that 
could be conducted on Lake Powell to see how primary production in the side canyons differs 
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from primary production in the main channel. More data and analysis will provide greater 
insight on how primary production is affected in different parts of Lake Powell. 
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CHAPTER SIX 
Zooplankton Gradients Along Two Side Canyons of Lake Powell, Utah 
Kresta Davis 
Abstract.-- Limnological studies have been performed extensively along the main channel 
of Lake Powell. A gradient resulting from the inflow of the Colorado River into the reservoir has 
been observed. Consequently, it has been hypothesized that gradients also occur within the side 
,. 
channels of Lake Powell. These gradients were found to be the result of inflow of nutrients from 
headwaters leading into the canyons. Zooplankton concentrations can be indicators of these 
gradients. In looking at zooplankton biomass, as, well as the community composition, one can 
draw many conclusions about the productivity of a lake. By comparing turbidity, primary 
productivity, egg ratios, zooplankton biomass, and community composition, we concluded that 
indeed a nutrient gradient does exist in two of the side channels of Lake Powell. 
INTRODUCTION 
The zooplankton community is generally an informative indicator of the possible 
gradients in trophic states and the density of planktivorous fishes in an aquatic system (Pace 
1986, lohannsson and O'Gorman 1991, Canfield and lones 1996). Here I examine zooplankton 
taken from Moqui Canyon and Hansen Creek Canyon of Lake Powell to assess the limnology 
and trophic state of two side-canyons in comparison to the main channel. The objectives were: 
1) to assess the abundance, biomass, and size-distribution along the gradients for each of the two 
side canyons; 2) to compare the trophic state as measured by algal chlorophyll (Polaheimo 1974, 
Pace 1986) and turbidity (Hart 1988, lohannsson and O'Gorman 1991); and 3) to use egg ratios 
taken from Daphnia pulex to predict the health of the zooplankton community. These objectives 
are based on two null hypotheses. The first is that zooplankton abundance and production are 
uniform along each of the side-canyons. Secondly, there is no relationship between algal growth, 
turbidity, and the zooplankton community. 
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Lake Powell, created by the construction of the Glen Canyon Dam in 1963 (Stile 1997), 
is a dendritic reservoir with many side-canyons. USU's Aquatic Ecology class, under the 
direction of Dr. Wayne Wurtsbaugh, attempted to look at the limnological factors influencing 
Moqui Canyon and Hansen Creek Canyon -- located east of Bullfrog Marina. This research was 
performed April 10-13, 1997 in cooperation with the National Park Service. 
METHODS 
Field Methods 
All zooplankton samples were taken during the daytime to eliminate any possible 
variation resulting from a diel migration of the zooplankton community. In Hansen Creek 
Canyon, six sights were chosen including one at the mouth of the canyon in the main channel. 
The sites included 0.5, 1, 2, 3,4, and 5.5 km from the headwaters of the canyon. At Moqui 
Canyon five sites were chosen - 0.5, 1,2,5, and 7 km. The last station was in the main channel 
site. At all sites, two replicate 5 m vertical tows were taken to compare changes in zooplankton 
biomass that may occur along the gradients. In Hansen Creek Canyon at sites 3 and 5.5 km, the 
entire water column was sampled to look at the zooplankton community. The entire water 
column was sampled at sites 2 and 7 km in Moqui Canyon (Map 1). 
All samples were taken with vertical tows using a 25-cm diameter Wisconsin 
zooplankton net. The samples were taken and using a 153-llm zooplankton net. Each tow was 
pulled vertically toward the surface at a constant rate of approximately 1 mlsec. A flow meter 
was placed above the mouth of the net to determine the efficiency of the net. The flow meter 
was read and the numbers recorded before the' net was lowered into the water column and after 
the net was retrieved. Afterward, the differences between the before and after readings were 
compared to calibrations taken with a 25-cm diameter ring without a net attached to determine 
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the net efficiency of each tow. The efficiencies were later used in the lab to correct for the 
amount of water that was sampled in each tow. 
Next, each sample was stored in a 120-ml plankton cup. A small amount of sucrose- F 
buffered formalin solution was added to each of the samples to avoid carapace distortion and loss 
of eggs (Haney and Hall 1973). Finally, the samples were stored in ethanol for preservation. 
Lab Methods 
The zooplankton biomass estimates were analyzed by the methods found in Wetzel and 
Likens (1991) and Wurtsbaugh and Steinhart (1995). The samples taken at 5-m depths were 
strained through an 80-l1m sieve, and were placed in a pre-weighed aluminum drying pan. The 
pans were placed into a drying oven for approximately two days at 65° C, and then weighed to 
the nearest 0.001 g. Afterwards, they were placed back into the oven to make sure that all of the 
moisture had been removed. After one day, the samples were .Ie-weighed, to check for constant 
weight. 
To examine the zooplankton community composition, the zooplankton samples from the 
entire water column were examined. Water was first added to each sample to bring each to a 
uniform 120 ml. Next, the samples were aerated to ensure the sub-samples would be 
representative of the entire sample. Sub-samples of 1-ml were taken until there were at least 200 
individual zooplankters counted. The sub-sample was set at approximately 200 to insure a good 
representation of each species. 
The sample dish was then placed under a dissecting microscope. The magnification of 
the microscope was recorded in order to make the conversion from micrometers to millimeters in 
the length measurements. The species composition was made up of Cyclopoid, Calanoid, and 
nauplii copepods, Daphnia pulex, and rotifers. The first ten individuals of each species were 
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counted and the lengths measured. The measurements were later used to look at length-weight 
regressions as the samples moved along the gradient. The remaining zooplankton were counted, 
but not measured to examine the community composition. Finally, the eggs of the first ten 
Daphnia pulex were counted to evaluate the egg ratios which are important in determining the 
amount of production occurring within the species (Korstad et al. 1995). 
RESULTS 
Average dry-weight of zooplankton decreased from the inlet in both canyons toward the 
main channel. The zooplankton biomass of Hansen Creek Canyon decreased rapidly from the 
0.5 km site to the 1 km site, and subsequently began to decrease at a more gradual rate (Fig. 1). 
The zooplankton biomass found in Moqui Canyon diminished rapidly from site 2 km to 5 km, 
but unexpectedly rose again in the main channel. The ranges of zooplankton biomass from their 
averages were reasonable considering the dynamics involved in a natural system. The largest 
range was found at the main channel of Moqui Canyon where the average biomass was 66 
mg/mA 3 and the range was 58 to 73 mg/mA 3. At site 0.5 km and 1 km there was no variation 
from the average zooplankton biomass. 
Definite changes in the community structure occurred along the gradient (Fig. 4). The 
percent of Daphnia pulex increased approximately five times its original magnitude from the 
beginning of Hansen Creek Canyon to the main channel. Cyclopoids and their nauplii decreased 
as the system became less eutrophic at the main channel. 
Average chlorophyll a was used as an indicator of primary production along both of the 
side-canyons (Fig. 3). In Hansen Creek Canyon average chlorophyll a concentrations decreased 
- with the exception of site 3 km, where a slight increase occurred. Moqui Canyon's chlorophyll 
a levels declined dramatically from the headwaters at site 0.5 km to site 2 km, but primary 
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production rose again as the samples moved toward the main channel. The chlorophyll a levels 
at these last sites were unexpected. 
Average chlorophyll a per concentration influenced the dry-weight of zooplankton , 
biomass (mg/mA 3) at each of the sites along Hansen Creek Canyon (Fig. 4). As chlorophyll a 
levels increased from approximately 0.70 ug/L to 1.73 ug/L the zooplankton biomass showed 
little change, but as chlorophyll a increased to more than 2.5 ug/L, zooplankton biomass 
increased almost three-fold. Although zooplankton biomass was greater in the 1995 Lake Powell 
report, a similar trend existed. 
Turbidity, according to Hart (1988) and Johannsson and O'Gorman (1991), is a good 
indicator of primary production in a system. Fig. 5 shows the relationship between Secchi depths 
(a measure of turbidity) and the dry-weights of zooplankton biomass (mg/mA 3). Note that 
turbidity and Secchi depths were inversely related. As the water became less turbid, Secchi 
depths increased, and zooplankton biomass declined to less than half. The decline from the 
headwaters where Secchi depth is the least (2 .7 m) showed the greatest difference in zooplankton 
biomass. 
DISCUSSION 
The gradient that exists in the main channel of Lake Powell results from the Colorado 
River inflows joined by inflow from side-canyons such as Moqui and Hansen Creek Canyon. 
The headwaters of the two side-canyons bring nutrients and sediments into the canyon waters. 
As the nutrient rich waters move away from the tributaries, the ratio of land area to water volume 
is decreased, due to canyon widening. This results in less nutrient richness as you move toward 
the main channel and away from the headwaters. Nutrients and sediments also decrease due to 
sedimentation. 
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Using Secchi depth as an indicator of the trophic state of the waters in certain areas is an 
effective way of looking at zooplankton biomass. As the Secchi depths decreased, the 
eutrophication of the water increased, and led indirectly to an increase in zooplankton biomass. 
Eutrophication is the result of a greater abundance of nutrients in the water. As the amount of 
nutrients is increased, the ainount of primary production is also increased. This is further 
exemplified by looking at the average chlorophyll a levels along the gradient. Chlorophyll a is a 
measure of the standing stock of phytoplankton that has occurred in the water. In looking at Fig. 
4, we see that as the productivity declines moving toward the main channel the average 
chlorophyll a levels also decreases, perhaps due to lack of nutrients. In Moqui Canyon the 
average amounts of chlorophyll a increases again. A possible reason for this increase may be 
due to an algal bloom that may have occurred. There is evidence of such an event in the Lake 
Powell report from 1996. 
The shift in the zooplankton community is quite evident in looking at both the Daphnia 
pulex and Cyclopoid percentages in Fig. 2. Cyclopoid species often inhabit more eutrophic 
areas, while most Daphnia spp. occupy areas that are less eutrophic. In Hansen Creek Canyon 
this is evident. At the headwaters ofthe canyon, Cyclopoids comprised approximately 80% of 
the zooplankton community. The main channel Cyclopoids only composed about 40 % of the 
total population. This is also an indicator of decreased eutrophication of the water moving away 
from the headwaters. Another indicator is the increase in Daphnia pulex species in relation to 
the total population as samples move toward the main channel. 
To evaluate the health of the zooplankton community at each of the sites, I attempted to 
evaluate the egg ratios of the Daphnia pulex zooplankton. Egg ratios are good indicators of the 
favorability that an area may hold for a zooplankton community (Korstad et al. 1995). The 
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results of my evaluation were not what I had hoped for. The counting of the eggs in the brood 
pouches of the Daphnia pulex was too variable to be of any use, and therefore, has not been 
included in the results. An attempt to reevaluate the egg ratios would be beneficial for next , 
year's research. 
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Map 1 This is a map of the section of Lake Powell that includes Bullfrog Marina, 
Moqui canyon, and Hansen Canyon. Note that the sites sampled are indicated along both 
canyons. 
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CHAPTER SEVEN 
Benthic Invertebrate Gradients and Microhabitat Relationships at Lake 
Powell 
, 
By Mike Mazur and Rachel Pieterick 
Abstract.--Benthic invertebrate biomass and microhabitat relationships were determined 
by sampling in Lake Powell. Although no significant relationships were found, there was an 
apparent decreasing trend in invertebrate biomass from the tributary inflow of Moqui Canyon to 
the main channel. Sediments and benthic invertebrate composition were correlated to determine 
microhabitat suitability. 
An understanding of benthic invertebrate abundance, composition, and distribution is 
important in the study of trophic interactions in complex aquatic ecosystems. Benthic 
invertebrates serve to recycle nutrients trapped on the lake bottom back into water column. This 
process ultimately affects fish production, a management concern in many bodies of water. 
Although diverse and complex, benthic invertebrates can be used for estimating overall lake 
productivity (Brinkhurst 1974). The main objective of our study was to measure benthic 
invertebrate biomass in the side canyons of Lake Powell and to study the change in biomass from 
the stream inlet to the main channel of the lake. Our study was similar in approach to that of 
Nakashima and Leggett (1975) in Lake Memphremagog, Quebec. Secondarily, we investigated 
microhabitat effects on benthic invertebrate abundance. 
Past studies of invertebrate densities between the side channels and the main channel of 
Lake Powell are inconclusive. Seamons (1995) looked for a productivity gradient in 
invertebrates along the main channel from the Colorado River inflow to Bullfrog Bay but no 
correlation was found. Brindza and Winkler (1996) studied two side canyons on Lake Powell, 
Moqui and Hall's Creek Bay, in comparison to the main channel attempting to find an 
invertebrate gradient. Although the general trend indicated a decrease in invertebrate densities 
from the tributary inflows in the side canyons out to the main channel, the relationship was not 
significant. However, Nakashima and Leggett (1975) documented a 3-fold decrease in 
109 
invertebrate numbers from the river inflow to Lake Memphremagog's outlet. This decrease was 
mainly attributed to a coinciding decrease in phytoplankton production. 
Invertebrate composition and abundance is affected by many factors. Abiotic factors 
include water temperature, transparency and dissolved oxygen content, all partially controlled by 
depth. Biological factors consist of food, refuge, predation, and competition (Reid 1961, 
Matlock and Maughan 1988). IUs possible to crudely estimate or predict invertebrate abundance 
by studying one or more of these factors. 
Microhabitat quality is often i~dicative of the ~mount of forage available to benthic 
invertebrates, and can be used as a measure of benthic invertebrate production. Culp et al. (1983) 
found that organic matter content was more important to invertebrate distribution than soil class. 
Past studies in Lake Powell have focused on organic matter as a means of predicting benthic 
invertebrate abundance. Brindza and Winkler (1996) found a positive correlation between 
organic matter content and invertebrate abundance. Seamons (1995), however, found no 
significant relationship between organic matter content and invertebrate biomass but this is most 
likely due to high sample variability. Microhabitat was also studied by Yates et al. (1993) who 
found a strong correlation between invertebrate densities and soil class. He then related 
shorebird densities to invertebrate abundance. These correlations were so strong that he was able 
to predict shorebird densities using sediment particle size distribution without wasting time or 
money looking directly at invertebrate abundance. 
In this study, we examine the following two hypotheses: 1) benthic invertebrate 
composition and biomass differ along the channel gradient and, 2) there is a correlation between 
substrate type and benthic invertebrate composition. 
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METHODS 
To test our hypotheses we sampled three different sites in Moqui Canyon using a Ponar 
dredge. Sites were nominally located at 0.5 km, 2 km and 7 km from the tributary inflow, and at 
respective mean depths of 5, 10, and 85 meters (see map). Seven replicate dredge samples were 
taken at each site. During collection the boat moved on its anchor so that we were sampling in 
areas of approximately 25 square meters. The Ponar grab is 9 inches square and samples 
approximately five hundred square centimeters (Seamons 1995). A hydraulic winch and boom 
were used to lower and raise the dredge. 
Each dredge sample was placed into a rectangular basin and a sediment core sample was 
taken using a 1 inch wide 6 inch long PVC pipe. One pass parallel to the surface sediments was 
used to obtain each sediment sample. Sediments from each dredge sample were labeled and 
stored in resealable bags. 
Dredge samples were sieved through a 0.5 mm sieve to separate macro- invertebrates 
from the sediment. Sieved samples were labeled and stored in 1 gallon resealable bags. Ethanol 
was added to the samples to preserve the benthic invertebrates for analysis. In the laboratory, 
students assisted with the sorting and counting of samples using microscopes to identify 
invertebrates for taxonomic composition and abundance. Samples containing large amounts of 
detrital material were subsampled to decrease sorting time. Samples requiring subsampling were 
evenly distributed in an enamel pan with an area of 390 cm2 and evenly distributed. Two 
replicate subsamples were taken using circular tubes with areas of 35.3 cm2• The mean 
abundance of the subsamples was then used to' extrapolate a total abundance estimate for the 
entire sample. The first 15 individuals of each taxa were measured to produce an average size 
111 
distribution. Biomass estimations were determined using length/weight relationships developed 
by Wurtsbaugh and Hawkins (1990) in their work with Bear Lake invertebrates. 
In the laboratory, approximately 3 subsamples were taken from each soil sample and set 
aside for later analysis. The remaining soil was used for sediment composition determination. 
We first sieved the sample through 3 different sieve sizes to break the soil into coarse, medium 
and fine sand and silt/clay. These samples were allowed to air dry and were then placed in an 
oven at 105°C overnight to remove interparticulate water. We weighed the samples in pre-
weighed crucibles and calculated the percent composition of coarse sand, medium sand, fine sand 
and silt/clay. Previously set aside subsamples were then air dried. These samples were also pre-
weighed and placed in a 105°C oven overnight to remove interparticulate water. Dried samples 
were then weighed and ashed at 500°C to bum off the organic matter. We weighed them again 
to determine percent carbon. (Or and Wraith 1996). 
RESULTS 
A total of 6 taxa were found. The majority of biomass consisted of oligochaetes, 
chironomids and ostracods but bivalve biomass was significant at the 2 km site (35.8%; Fig. 1). 
Gastropods, Gammarus and several other unidentified invertebrates were present in low numbers 
at all sites. This is consistent with taxa found in similar Lake Powell sites by both Brindza and 
Winkler (1996), and Seamons (1995). 
Each of the three sites had vastly different species composition (Fig 1). The 0.5 km site 
was dominated by chironomids (92.8%), oligochaetes made up 7% of the biomass and the 
remaining 0.2% consisted of gastropods and ostracods. The 2 km site was dominated by 
oligochaetes (40%) and bivalves (36%). Chironomids, ostracods, Gammarus and other 
unidentified invertebrates made up the remaining 24% of the samples. The 7 km samples were 
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dominated by oligochaetes (83%) and ostracods (13%). The remainder was 4% chironomids, 
<1 % Gammarus, and other invertebrates. 
Although not statistically significant, average biomass was higher at the tributary inflow, 
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decreasing toward the main channel of Lake Powell was approached (Fig. 2). The site at 0.5 km 
showed the greatest variability among samples. Mean biomass at 0.5 km, 2 km, and 7 km 
respectively was 1.54 g dry wtlm2 , 0.30 g dry wtlm2, and 0.79 g dry wtlm2• These differences 
were not significant at P = 0.05 (ANOVA F = 1.05, Fcrit = 3.55). 
Percent carbon ranged from 0.9% to 12.9% inthe sediment samples. Fig. 3 shows the 
trend in organic matter content from 0.5 km out to 7 km. A regression analysis yielded r = 0.85 
indicating a significant correlation between distance from tributary inlet and soil organic matter. 
A regression between invertebrate biomass and soil organic matter however was insignificant. 
Soil composition throughout the lake was highly variable. Fig. 4 shows the breakdown of 
sand composition by site to illustrate the variability of Lake Powell substrates. Fig. 5 shows 
silt/clay content versus overall invertebrate biomass. We did not find a significant correlation 
between the proportion of sand and invertebrate biomass although biomass appears to increase 
with increasing clay/silt content. There was an apparent increasing trend between 
ostracod/bivalve composition and sand proportion although the relationship is not significant 
(Fig. 6). There were no apparent relationships among other invertebrate classes. 
DISCUSSION 
Benthic invertebrate abundance and biomass may be influenced by a number of variables 
within Lake Powell. To find a statistically significant relationship between one of these variables 
and benthic invertebrates, it is necessary to isolate and account for as many of the other 
variables as possible. Ideally we would have been able to sample at the same depths within the 
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chosen side canyon in order to determine not only the canyon gradient effects, but also eliminate 
depth as a factor controlling invertebrate biomass. Logistical problems precluded this planned 
sampling. Other possible influencing factors such as oxygen concentrations, temperature, 
predation, and primary production could have affected our ability to determine benthic biomass 
(Reid 1961). Oxygen and temperature profiles collected by Ward and Betts (this issue) lead us to 
believe that neither oxygen nor temperature at the time of sampling would have had an effect on 
invertebrate numbers. Predation on invertebrates is more difficult to determine, but for purposes 
of this study it is assumed to have a similar effect upon invertebrates throughout the side 
channel. 
Moqui Canyon was chosen as our study site due to adverse weather conditions during our 
April sampling trip. Moqui Canyon is a narrow canyon with shear canyon walls and little to no 
littoral zone. The canyon topography prevented us from determining depth effects upon 
zoobenthic biomass as it limited our sampling to the depths available. Alternatively, seven 
samples were taken at each site in an attempt to reduce variability. Due to high variability more 
samples would need to be taken at each site in narrow canyons like Moqui in order to find 
statistical significance (Iverson and Dall 1989). 
Despite a lack of statistical difference in biomass between the three Moqui Canyon 
sample sites, an apparent decreasing trend exists from the tributary inflow to the main channel 
(Fig. 2). The decrease in mean biomass from the 0.5 km station down to the 7 km station is most 
likely the result of a decrease in food availability. The tributary inflow contributes detrital 
material which is carried into the channel by the stream. This extra nutrient input is enough to 
cause a higher benthic invertebrate biomass at the 0.5 km site, decreasing down the channel to 
the 7 km station. This decrease in biomass is also believed to be partially caused by the increase 
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in depth as the side channel approaches the main channel. Shifts in the taxonomic make-up of 
the benthos was also attributed to the channel gradient as well as microhabitat. 
Previous benthic studies conducted at Lake Powell by Brindza and Winkler (1996) as 
well as by Seamons (1995) had in similar findings (Fig. 7). In both instances, high variability 
resulted in a lack of significance. Mean biomass trends of higher biomass near tributary inflows 
were apparent in both studies, decreasing as the distance from the inflow increased. 
Previous research by Yates et al. (1993) found that invertebrate abundance and biomass 
was closely tied to the type of sediments they were located in. We found that chironomids 
dominated the biomass at the 0.5 km station, bivalves and ostracods dominated the 2 km site, and 
oligocheataes made up the majority at the 7 km site (Fig. 3). Soil composition was highly 
variable among sites (Fig. 5) thus we compared benthic biomass by site to soil composition. 
Although we again did not find a significant relationship, there appears to be an increasing trend 
in invertebrate biomass with silt/clay proportion (Fig. 6). This result is logical as ostracods 
dominated the more sandy soils and have less biomass per individual than both oligochaetes and 
chironomids. We broke down soil effects on each individual invertebrate class and ran 
regression analyses. All of these relationships were insignificant but ostracodlbivalve biomass 
appears to increase with the proportion of sand in the soil (Fig. 7). This is logical as these 
invertebrat.es are well adapted to sandy habitats. A larger sample set to account for the variability 
in the lake may have resulted in significant findings. 
When compared to lakes and reservoirs around the world (Fig. 9), Lake Powell's benthic 
biomass is lower than would be expected of a lake at this latitude (LeCren and Lowe-McConnell 
1980). This is most likely due to its geomorphology, lack of allochthonous input, limited 
periphyton production and the dry desert climate. This lack of benthic biomass should be 
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considered in management decisions as it may be limiting overall fish production. It would be 
beneficial to further look at soil compositions throughout the lake and further explore the 
microhabitat effects on the benthic community so that managers can better understand what is 
controlling the benthic community. Lake Powell's low benthic biomass should be considered in 
management decisions. Limited benthic invertebrates can cause a slower cycling of nutrients 
locked in detrital material. Benthic feeding fish production will also be limited by the low 
invertebrate abundance and a bottom up effect may be seen in higher trophic levels. 
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